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LECTURE  I. 

jyjR.  PRESIDENT  and  Gentlemen— I  am  fully  sensible  of 
the  honour  you  have  done  me  in  electing  me  to  deliver 
these  lectures.  My  only  fear  is  that  I  shall  fail,  and  fail  hope- 
lessly, in  placing  anything  before  you  worthy  of  the  occasion.  I  am 
not  a  physiologist.  I  am  not  even  a  .teacher  of  physiology.  I 
can  only  lay  claim  to  be  an  ordinary  observer,  but  as  such  I  have 
endeavoured  to  pay  some  considerable  attention  to  the  pheno- 
mena of  the  circulation.  As  a  teacher  of  anatomy  I  am  con- 
stantly demonstrating  the  cavities  and  valves  of  the  heart,  and  I 
have  found  it  impossible  to  dissociate  the  physiology  from  the 
anatomy  of  these  parts.  Indeed,  the  student  will  not  rest  content 
with  the  dry  anatomical  facts. 

Constantly  I  am  asked  the  question,  when  speaking  of  the 
pouches  at  the  root  of  the  aorta  and  pulmonary  artery,  What  is  the  use 
of  them  ?  or  when  demonstrating  the  parallel  fibres  in  the  auricular 
appendages,  What  are  they  for  ?  In  order  to  make  a  demonstration 
on  the  heart  interesting,  or  at  least  complete,  it  is  necessary  for  the 
teacher  of  anatomy  to  trench  on  the  province  of  the  physiologist, 
to  describe  the  course  of  the  blood  through  the  cavities  of  the 


heart  and  the  mechanism  and  action  of  the  valves.  From  this 
you  will  see  that  at  certain  points  anatomy  and  physiology  are 
inseparable  ;  in  fact,  physiology  is  the  interpretation  of  anatomy. 
At  certain  points,  then,  a  teacher  of  anatomy  must  be  ready  and 
prepared  to  discuss  and  interpret  the  arrangement  of  parts. 

Now,  sir,  it  was  this  necessity  on  my  part,  when  teaching  the 
anatomy  of  the  heart  and  great  vessels,  to  at  the  same  time 
explain  the  working  of  the  valves  and  the  general  mechanism  of 
the  parts,  and  my  absolute  inability  to  accept  the  account  of  the 
same  as  given  in  the  text-books,  that  led  me  to  pay  a  little  more 
attention  to  the  subject  than  I  should  have  otherwise  done,  and 
to  endeavour  to  think  the  matter  out  for  myself.  This,  then,  is  my 
excuse  for  dealing  with  a  subject  that  may  otherwise  be  considered 
outside  my  province. 

In  1628  William  Harvey  wrote,  "The  blood  within  the  vessels 
is  in  a  state  of  continual  motion,  being  carried  forward  from 
the  ventricles  by  the  large  arteries  (aorta  and  pulmonary)  and 
their  branches  to  a  system  of  capillary  vessels,  from  which 
again,  it  passes  into  the  veins  that  end  in  the  atria  of  the 
auricles."  If  I  were  to  say  that  this  statement  contains  all 
that  is  actually  known,  that  is  to  say  known  to  a  certainty,  not 
a  matter  of  opinion,  of  the  phenomena  of  the  circulation  in 
1889,  you  would  probably  disagree  with  me.  True,  to-day 
we  have  the  sphygmograph,  and  can  take  a  tracing  of  the 
movements  of  the  arteries  ;  but  when  we  have  got  a  tracing 
can  we  interpret  it?  do  we  know  what  it  means?  True, 
we  have  the  cardiograph,  and  can  take  a  tracing  of  the 
movements  of  the  heart,  or  fancy  we  can;  and  what  next?  can 
we  interpret  it  ?  True,  we  have  the  stethoscope,  and  can  listen 
to  the  sounds  of  the  heart ;  but  can  we  interpret  what  we  hear  ?  Do 
we  know,  are  we  all  agreed  as  to  the  causes  of  those  sounds?  The 
answer  to  all  these  questions  must  be,  No.  We  think,  but  we  do 
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not  know.  Our  knowledge  on  the  subject  is  still  a  matter  of 
opinion. 

It  was  no  matter  of  opinion  of  Harvey's  that  the  blood  flowed 
in  a  particular  direction.  It  is  a  truth,  an  absolute  fact,  an  incon- 
trovertible statement,  capable  of  easy  demonstration  and  of  abso- 
lute proof.  If,  then,  I  were  to  contend  that  the  additions  to  our 
store  of  absolute  truths  or  facts  in  connection  with  the  vascular 
system  since  1628  were  very  meagre,  I  do  not  think  I  should  be 
far  from  the  mark. 

Considering,  then,  how  great  is  the  importance  of  a  true  under- 
standing of  the  phenomena  of  the  circulation,  how  vast  is  our 
want  of  knowledge  on  the  subject,  and  how  great  is  the  extent  of 
the  region  that  requires  investigation,  however  small  the  work 
done,  and  however  humble  the  contribution  to  the  store  of  our 
knowledge,  provided  it  is  real  knowledge,  it  cannot  fail  to  be 
acceptable  to  us. 

We  are  all  agreed  that  the  blood  moves  in  one  constant  direc- 
tion, from  the  ventricles  to  the  arteries,  from  the  arteries  to  the 
capillaries,  then  to  the  veins,  and  back  to  the  auricles.  The 
cause  of  this  movement  is  equally  clear  and  certain,  namely,  the 
difference  in  pressure  that  exists  between  the  aorta  and  pulmonary 
artery  on  the  one  hand,  and  the  vena  cava  and  four  pulmonary 
veins  on  the  other.  By  direct  experiment  we  have  found  out  that 
the  difference  in  pressure  is  greatest  between  the  aorta  and  vena 
cava  and  between  the  pulmonary  arteries  and  veins.  The  pressure 
in  the  aorta  is  stated  to  range  between  200  and  300  mm.  of 
mercury,  and  in  the  venae  cavae  from  -20  mm.  during  diastole 
to  perhaps  +  20  mm.  during  systole  of  the  ventricle.  The  mainte- 
nance of  the  difference  between  the  200  to  300  mm.  of  mercury 
in  the  aorta  and  the  +  20  to  -  20  mm.  in  the  /enae  cavas  is  the  work 
of  the  ventricle. 

So  far  we  are  all  agreed ;  it  is  when  we  come  to  consider  the 
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method  of  contraction  and  dilation  of  the  ventricle  and  the  atten- 
dant phenomena  that  we  are  not  of  one  mind. 

We  have  before  us  a  ventricle,  composed  of  several  hollow 
cones  of  muscular  tissue.  We  know  that  muscular  tissue  is 
endowed  with  a  perfect  elasticity,  and  we  might  infer  from  this, 
if  not  otherwise  capable  of  proof,  that  the  ventricle,  when  its 
cavity  was  obliterated  or  lessened,  would  return  per  se  to  its 
original  shape,  the  cause  of  the  alteration  of  its  shape  being 


INTRAVENTRICULAR  PRESSURE  CURVE. 

removed.  This  inference  is  supported  and  converted  into  fact 
by  the  results  of  direct  observations  on  the  empty  and  full  hearts 
of  animals.  We  are  all  familiar  with  the  experiments  and  tracings 
of  Marey  and  the  observations  of  Magini,  but  it  is  to  the  experi- 
ments and  tracings  of  Mr.  H.  D.  Rolleston,  of  St.  John's  College, 
Cambridge,  that  I  would  specially  draw  your  attention. 

These  experiments  have  been  so  carefully  planned  and  admirably 
carried  out  that  I  venture  to  regard  the  main  results  as  conclusive. 
I  say  the  main  results,  because  the  correct  interpretation  of 
these  tracings  is  beset  with  difficulties,  and  it  is  the  reverse  of 
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wisdom  to  attempt  to  explain  one  difficulty  by  creating  others. 
However,  the  main  results,  I  think,  we  can  accept  without 
reserve.  I  have  repeated  these  experiments,  and  without  pre- 
tending for  a  moment  to  have  carried  them  out  with  the  exacti- 
tude and  care  of  Rolleston  and  others,  still  my  experiments  fully 
satisfied  me  that  from  the  commencement  of  diastole  the  pressure  in 
the  ventricle  suddenly  and  rapidly  fell  to  a  point  in  some  cases 
considerably  below  the  atmospheric  pressure.  Associated  with  the 
fall  there  was  a  distinct  flattening  of  the  great  veins  and  auricle. 
The  fall  is  indicated  in  the  chart  (page  4)  by  the  lines  B  CDE. 
The  portion  below  the  horizontal  line  marks  the  fall  below 
atmospheric  pressure.  There  is  no  notch  indicating  increase  of 
pressure  due  to  an  auricular  systole  ;  the  fall  is  rapid,  continuous, 
and  regular.  The  only  possible  interpretation  of  this  is  that  the 
ventricle  exerts  a  powerful  aspirating  effect  on  the  auricle  and 
great  veins. 

On  the  settlement  of  the  question  of  the  active  dilatation  of  the 
ventricle,  and  the  powerful  aspiration  of  the  auricle  and  great 
veins,  a  great  deal  depends,  for,  as  I  shall  attempt  to  prove  later 
on,  it  is  impossible  to  see  how  the  ventricle  can  become  rapidly 
filled  without  this.  I  hold  that  it  is  at  the  very  foundation  of  the 
whole  question.  I  am  not  going  to  subject  you  to  many  quota- 
tions during  these  lectures,  but  so  important  do  I  conceive  the 
settlement  of  this  question  to  be  that  I  shall  quote  from  Mr.  Rol- 
leston's  paper  a  few  lines  bearing  directly  on  the  subject.  Under 
the  heading  "  Diastolic  Fall  of  Intra-ventricular  Pressure "  he 
says,  "  The  manometric  curve  of  the  intra-ventricular  pressure  falls 
usually  fairly  sharply  from  the  point  D,  afterwards  descending 
more  slowly.  In  certain  cases  it  falls  below  the  atmospheric  pres- 
sure, as  is  seen  in  curves  i,  ii,  iii,  iv.  The  negative  pressure  occur- 
ring during  the  expansion  of  the  muscular  wall  of  the  ventricles  is 
met  with  both  in  the  right  and  left  ventricular  cavities.  With 
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regard,  first  of  all,  to  the  value  of  the  negative  pressure,  this  is  found 
to  vary  in  different  animals  and  in  the  case  of  the  same  heart  under 
different  conditions.  On  measuring  out  my  curves,  I  find  that 
some  show  a  negative  pressure  at  the  point  E  equal  to  20  mm., 
whilst  others  show  varying  slighter  negative  pressures.  In  the 
case  of  some  hearts  my  curves  show  no  fall  of  pressure  below  that 
of  the  atmosphere.  These  latter  cases,  however,  are  less  frequently 
met  with  than  those  showing  a  more  or  less  well-marked  negative 
wave  at  the  end  of  the  descent." 

Speaking,  farther  on,  of  the  meaning  of  the  negative  fall  below 
the  atmospheric  pressure,  he  says,  "  The  explanation  which  best 
accords  with  the  facts  before  me  is  that  the  elastic  expansion  of 
the  ventricle  lasts  longer  than  it  appears  to  have  been  assumed  by 
Goltz  and  Gaule,  and  that  it  may  continue  after  the  blood  in  the 
auricle,  at  the  moment  of  cessation  of  the  ventricular  systole,  has 
entered  the  ventricle." 

"  This  theory  would  assume  that  the  negative  pressure  would  ap- 
pear also  in  the  auricle,  and  that  it  is  due,  in  fact,  to  the  quantity 
of  blood  in  the  auricle  and  terminal  trunk  of  the  pulmonary  veins 
not  being  sufficient  to  distend  the  left  ventricle  to  the  point  at 
which  its  suction  action  ceases.  The  absence  of  any  sub-atmo- 
spheric pressure  in  the  same  auricle  at  different  periods  of  the  ex- 
periment could  thus  be  readily  explained  by  the  variations  in  the 
quantity  of  blood  available  to  fill  up  the  potential  vacuum  caused 
by  the  elasticity  of  the  expanding  heart-wall.  In  support  of  this 
view  I  may  say  that  sub-atmospheric  pressures  are  met  with  in 
the  auricle,  as  I  have  found  in  at  least  one  well-marked  case 
while  recording  the  pressure  within  the  left  auricle."  Such  is  Mr. 
Rolleston's  view.  When  speaking  of  the  method  of  closure  of 
the  auriculo-ventricular  valves  I  shall  offer  another  explanation 
of  this  negative  pressure,  a  direct  outcome  of  the  approximation 
of  the  parachutes. 


With  most  of  the  first  quotation  I  entirely  agree,  and  I  put  it  to 
you  that  with  this  clear,  unmistakable  proof  of  a  rapid,  continuous, 
and  regular  fall  of  endo-ventricular  pressure  without  a  single  notch 
or  rise,  what  other  possible  interpretation  is  there  but  that  it  is  due 


Ventricle  full.    Valves  closed  previous  to  Systole. 

to  the  active  dilatation  of  the  ventricle  and  its  aspirating  effect  on 
the  auricle  and  great  veins? 

I  think  we  may  take  it,  then,  as  an  established  fact  that  the 
ventricle  is  capable  of  and  does  actually  expand  per  se,  so  as  to 
suck  blood  with  considerable  force  from  the  great  veins  and 
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auricles.  This  fact  being  established,  the  necessity  for  a  vigorous 
contraction  of  the  auricle  ceases,  and  the  absence  of  valves  at  the 
root  of  the  great  veins  and  in  the  liver  is  explained. 

Leaving,  for  the  present,  the  discussion  as  to  whether  the 
auricle  as  a  whole  contracts,  and  what  part  the  auricular  appendices 
play,  to  a  later  period,  we  now  contemplate  the  ventricle  distended 
with  blood,  ready  to  propel  its  contents  into  the  aorta  or  pulmonary 
artery,  as  the  case  may  be.  Before  any  blood  can  enter  the  aorta 
from  the  ventricle  the  pressure  in  the  latter  must  be  changed  from 
-  28  mm.,  or  perhaps  +  2  mm.,  to  over  250  mm.,  300  mm.,  or  per- 
haps 350  mm.,  and  before  the  ventricle  can  completely  empty  itself 
its  contents  must  be  exposed  to  a  very  much  greater  pressure  even 
than  this.  The  effect  of  contraction  of  the  ventricle,  if  the  passage 
into  the  auricle  be  not  shut  off  by  closure  of  the  tricuspid  and 
mitral  valves,  would  be  simply  to  force  blood  back  into  the 
auricle  without  increasing  materially  the  tension  in  the  ventricle. 
The  argument  that  the  ventricle  contracts  so  suddenly  that  the 
valves  are  floated  up  by  the  back  rush  of  blood  into  the  auricle 
would  imply  regurgitation  into  the  auricle  as  a  normal  state  of 
things,  and  this  slap-bang  action  would  subject  the  valves  to  the 
constant  risk  of  rupture.  Moreover,  any  sensible  regurgitation 
into  the  auricle  would  cause  a  pulsation  and  temporary  arrest  of 
flow  in  all  the  larger  veins  leading  into  the  auricle.  I  submit  that 
no  such  thing  takes  place,  nor  can  I  accept  the  explanation  that 
a  reflex  current  curls  round  the  outside  of  the  valves,  and  floats 
them  up  in  opposition  to  the  inflowing  blood  from  the  auricle. 
The  inflowing  blood  from  the  auricle  must  exert  a  considerable 
pressure  on  the  auricular  surface  of  the  valves,  with  the  result  of 
separating  the  valves  and  pressing  them  against  the  wall  of  the 
ventricle.  Some  active  agent  must  be  present  whereby  the  valves 
are  drawn  away  from  the  ventricular  wall  and  approximated  in  the 
face  of  and  in  opposition  to  the  inflowing  blood  from  the  auricle. 


It  seems  to  me  to  be  absolutely  requisite  that  the  valves  should 
close  to  before  the  tension  in  the  ventricle  can  commence  to  rise. 
Therefore  I  would  suggest  that  the  first  act  of  the  ventricle  is  to 
bring  together  the  tricuspid  and  mitral  valves.    It  appears  to  me 


Ventricle  aspirating  Auricle. 
Commencing  Diastole  of  Ventricle.    A,  Auricular  Appendix. 
Valves  pressed  back  against  Ventricular  Wall  by  overflowing  Blood. 


to  be  not  inconsistent  with  what  we  see  in  other  parts  of  the 
economy,  namely,  that  involuntary  muscle  is  capable  of  slow,  pro- 
longed, and  vigorous  contraction,  commencing  in  one  part  and 
gathering  force  as  the  wave  of  contraction  proceeds  by  involving 


more  fibres,  the  effort  of  contraction  suddenly  relaxing.  I  would 
suggest  that  the  contraction  of  the  ventricle  commences  in  the 
musculi  papillares  ;  that  the  musculi  papillares  begin  to  contract 
from  the  commencement  of  the  diastole  of  the  ventricle,  and  so 


Ventricle  nearly  full.    Appendix  closing  Valves. 

bring  the  valves  together.  This  method  of  closure  will  explain  the 
cause  of  the  sub-atmospheric  pressure,  because  the  approximation 
of  the  parachute  makes  it  more  difficult  for  the  blood  to  enter 
from  the  auricle  towards  the  end  of  the  diastole.  In  fact,  the 
entrance  of  the  blood  from  the  auricle  has  to  be  assisted  by 
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the  contraction  of  the  auricular  appendix,  as  I  shall  point  out 
later  on.  Thus  it  would  appear  that  the  valves  are 
brought  into  apposition  before  the  ventricle  is  quite  full;  that 
as  soon  as  the  ventricle  has  ceased  to  dilate,  and  the  tension  in 
the  ventricle  commences  to  rise,  the  valves  become  closely  ap- 
proximated and  remain  efficient,  (diagram,  page  10). 

I  am  perfectly  well  aware  that  this  explanation  of  the  action  of 
the  ventricle  involves  the  rejection  of  the  apparently  well-accepted 
statement  that  the  first  sound  of  the  heart  is  in  part  due 
to  the  sudden  closure  and  vibration  of  these  curtains.  I 
am  not  alone  in  holding  this  view.  I  could  mention  some 
names  of  great  weight  whose  decided  opinion  is  that  the 
auriculo-ventricular  valves  are  closed  before  the  tension  com- 
mences to  rise  in  the  ventricle.  I  maintain  that  any  other  method 
of  closure,  either  by  back  wash,  or  reflex  current,  or  what  not, 
implies,  of  necessity,  regurgitation  into  the  auricle  as  a  normal  state 
of  things,  and  there  is  not  the  smallest  particle  of  evidence  that 
anything  of  the  kind  takes  place. 

To  repeat  more  exactly,  then,  I  would  maintain  that  the  ven- 
tricle aspirates  the  auricle ;  that  the  musculi  papillares  commence 
to  contract  from  the  very  commencement  of  the  diastole ;  that 
thereby  the  parachutes  are  drawn  away  from  the  ventricular  wall 
and  approximated,  the  blood  flowing  in  the  while  from  the 
auricle ;  that  the  more  distended  the  ventricle  becomes  the  more 
unfolded  and  distended  are  the  parachutes. 

Most  of  the  above  remarks  were  committed  to  paper  and  pub- 
lished some  eighteen  months  ago.  Since  then  I  have  had  the 
pleasure  of  reading  this  paper  by  Mr.  Rolleston,  and  have  the 
gratification  to  find  his  conclusions,  although  arrived  at  by  investi- 
gating the  subject  from  a  different  point  of  view,  in  most  points 
corroborate  and  support  mine. 

At  the  end  of  his  paper,  under  the  heading  "  Conclusions,'5, 
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appears  the  following  paragraph  :  "As  to  the  points  which  corre- 
spond in  the  intraventricular  pressure  tracings  to  the  time  at 
which  the  auriculo-ventricular  valves  are  closed  and  the  sigmoid 
valves  are  open  and  shut,  my  observations  lead  me  to  conclusions 
which  are  different  from  those  arrived  at  by  Marey.    I  am  forced 
to  conclude  that  these  valves  must  be  shut  before  any  considerable 
rise  of  pressure  can  take  place  within  the  ventricle  above  that 
which  results  from  the  auricular  systole.    The  closure  of  the 
auriculo-ventricular  valves  which  must  take  place  at  some  point 
in  the  lower  third  of  the  rise,  G  B  in  my  figures,  does  not  produce 
any  notch  or  wave  in  the  tracing,  which  must  of  necessity  be 
the  case  if  they  shut  to  suddenly."    Moreover,  the  impact  of 
the  valves  on  the  auricular  contents  would  produce  a  rise  of 
pressure  in  the  auricle,  which  should  and  would  be  indicated  by 
the  manometer.   Now,  no  such  indication  is  given.   The  opening 
into  the  auricles  being  closed  by  the  efficient  approximation  of 
the  valves,   the   contents   of  the  ventricle  is  subjected  to  a 
gradually  increasing  pressure  until  the  pressure  or  tension  within 
the  ventricle  is  changed  from  -  mm.  to  +  250  mm.,  or  equal  to  the 
tension  in  the  aorta.    At  this  precise  moment  the  pressure  on 
both  sides  of  the  valves  is  equal.    When  the  pressure  within  the 
ventricle  exceeds  the  pressure  within  the  aorta  the  valves  will 
commence  to  separate  and  blood  to  enter. 

I  would  here  remark  that  the  act  of  the  ventricle  in  dis- 
charging its  contents  into  the  aorta  is  a  complicated  one.  It  is 
not  simply  discharging  itself  into  an  empty  receptacle,  but  into 
an  elastic  bag  already  over-distended  and  exerting  considerable 
pressure  on  its  contents.  A  great  many  questions  are  here 
involved,  the  most  important  being  the  method  of  opening  and 
closing  of  the  semilunar  valves,  the  position  of  this  extra 
quantity  of  blood  in  the  aorta,  the  effect  produced  on  the  aorta, 
and  the  general  effect  on  the  circulation. 
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A  few  words  in  reference  to  the  laws  of  flow  in  rigid  and 
elastic  tubes  will  here  not  be  out  of  place. 

In  rigid  tubes  full  of  fluid  under  a  certain  pressure  if  a  quan- 
tity of  fluid  be  forced  in  at  one  end  the  same  quantity  will  be 
forced  out,  particle  for  particle,  in  the  same  time  at  the  other  end. 
For  the  sake  of  illustration  we  may  consider  the  tube  as  con- 
sisting of  polished  steel,  and  the  contents  as  small  round  pieces  of 
ice.  The  same  number  of  pieces  of  ice  that  enter  at  one  end  would 
leave  in  the  same  time  from  the  other  end,  particle  for  particle. 


Elastic  Ball  with  Rigid  Tube. 


If  now  an  elastic  ball  be  attached  to  one  end  of  the  rigid  tube 
distended  with  ice  a  continuous  flow  from  the  distal  end  of  the 
tube  will  be  the  result,  lasting  till  the  ball  has  returned  to  its 
normal  undistended  capacity.  If  while  the  ball  is  distended  and 
driving  its  contents  through  the  rigid  tube  more  particles  of  ice 
be  introduced  into  the  elastic  ball  the  effect  will  be  seen  by  (i) 
a  distension  of  the  ball,  and  (2)  by  an  increase  in  the  rapidity 
of  flow  from  the  open  end  of  the  tube. 

I  shall  presently  point  out  that  at  each  contraction  of  the 


ventricle,  amongst  other  effects,  there  is  undoubtedly  a  distension 
of  the  first  part  of  the  aorta,  and  an  acceleration  of  flow  from 
the  cut  end  of  an  artery  synchronous  with  the  action  of  the  ventricle 
So  far,  then,  the  aorta  and  arteries  resemble  a  rigid  tube  with  an 
clastic  ball,  distended  as  in  our  illustration.  In  an  elastic  tube 
immediately  after  the  forcing  in  of  a  quantity  ol  fluid  only  part 
flows  out,  the  rest  continuing  to  flow  after  the  propelling  force  has 
ceased  to  act.  When  an  uninterrupted  uniform  current  flows 
through  an  elastic  tube  it  follows  the  same  laws  as  if  the  tube  had 
rigid  walls.  If  the  propelling  power  increases  or  diminishes  the 
elastic  tube  becomes  larger  or  narrower,  and  it  behaves,  as  far  as 
the  movement  of  the  fluid  is  concerned,  as  a  wider  or  narrower  rigid 
tube.  If,  however,  more  fluid  be  forced  or  jerked  in  an  elastic 
tube  interruptedly  the  first  part  of  the  tube  dilates  suddenly, 
corresponding  to  the  amount  of  the  fluid  propelled  into  it.  The 
greater  the  rapidity  of  the  injection  the  more  sudden  the  dilata- 
tion of  the  first  part  of  the  elastic  tube,  and  the  more  sudden  the 
dilatation  the  more  sudden  the  recoil. 

We  have  seen  that  when  the  fluid  is  injected  into  an  elastic  ball 
in  connection  with  a  rigid  tube  the  recoil  of  the  elastic  ball  will 
have  the  result  of,  and  will  be  entirely  expended  in,  accelerating  the 
flow,  because  the  recoil  is  incapable  of  reacting  on  the  rigid  tube. 
It  is  otherwise  when  the  tube  is  elastic.  The  sudden  dilatation  of 
the  first  part  of  the  tube  is  followed  by  an  equally  sudden  recoil. 
There  is  nothing  whatever  to  prevent  the  recoil  affecting  a  seg- 
ment of  the  elastic  tube  next  to  it,  and  suddenly  dilating  it,  and 
so  on  to  the  end  of  the  tube,  according  to  the  rapidity  of  the 
initial  injection. 

Now,  I  maintain  that  from  our  experiments  with  elastic  and 
rigid  tubes  and  a  combination  of  the  two  we  gather  three  points 
that  will  assist  us  when  examining  the  injection  of  the  aorta  by  the 
ventricle  : — 
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r.  That  the  injection  distends  only  the  first  part  of  the  elastic 

tube  (immediately). 

2.  That  the  flow  from  the  cut  end  of  the  elastic  tube  is  increased 

during  the  injection. 

3.  That  the  recoil  of  the  dilated  first  portion  of  the  tube 
rapidly  affects  a  portion  of  the  tube  nearest  to  it,  and  then  an- 
other portion,  and  so  on ;  or,  in  other  words,  the  sudden  increase 
of  tension  is  quickly  distributed  from  one  end  of  the  tube  to  the 
other.  Or,  in  other  words,  the  first  part  of  the  tube  being  dis- 
tended suddenly  by  the  pump,  distends  a  second  portion,  and 
maintains  an  increased  tension  of  its  own,  which  increased 
tension  subsides  to  the  original  tension  more  or  less  quickly,  and  so 
on,  segment  after  segment.  The  second  portion  so  distended 
recoils  and  parts  with  some  of  its  increased  tension,  to  dilate 
and  increase  the  tension  of  a  third  part,  maintaining  an  increase 
of  tension  of  its  own,  and  so  on,  according  to  the  amount  of 
the  original  distension.  So  much  we  can  learn  from  experiments 
on  rigid  and  elastic  tubes. 

I  would  here  lay  special  stress  on  the  point  that  when  fluid  is 
injected  suddenly  by  jerks,  that  is  to  say  interruptedly,  into  a 
system  of  elastic  tubes  with  modified  resistance,  it  is  the  first  part 
only  of  the  elastic  tube  that  is  dilated.  This  can  at  all  times  be 
directly  proved  : — 

1.  On  the  living  aortge  of  animals. 

2.  By  observing  the  result  of  injections  on  elastic  tubes. 

3.  By  what  I  may  call  the  mathematical  proof. 

At  the  Brown  Institute,  in  conjunction  with  Professor  Horsley, 
I  opened  the  thorax  of  large  dogs,  and  placed  fine  aluminium  calipers 
on  the  aorta  and  measured  the  expansion.  The  expansion  was  con- 
siderable, and  could  to  my  mind  quite  account  for  all  the  blood 
delivered  by  the  ventricle.  I  repeated  this  experiment  on  dogs 
of  all  sizes,  with  the  same  result.    No  absolutely  correct  or  mathe- 


matical  results  could  be  obtained,  from  the  impossibility  of  elimi- 
nating the  errors  due  to  the  movements  of  the  diaphragm  and  lungs. 
One  thing  was  absolutely  certain  and  constant,  that  at  each  con- 
traction  of  the  ventricle  the  aorta  nearest  the  heart  was  consider- 


Ventricle  aspirating  Auricle. 
Arrows  indicating  direction  of  pressure  in  Aorta. 


ably  distended,  as  evidenced  by  the  dilatation  of  the  points  of  the 
calipers,  distended,  as  I  presume,  sufficiently  to  account  for  the 
whole  of  the  extra  blood  delivered  into  the  aorta  by  the  ventricle. 
It  is  a  matter  of  common  observation,  and  may  be  illustrated  by 


the  simplest  experiment,  that  if  water  be  forced  into  an  elastic  tube 
with  modified  resistance  at  end,  interruptedly,  the  first  part  of 
the  tube  dilates  suddenly,  the  distension  being  quickly  distributed 
through  the  rest  of  the  tube.*  This  simple  tube  and  bag  will 
illustrate  my  meaning.  The  tube  is  made  thicker  here,  to  resist 
the  distension  of  the  first  portion. 

The  mathematical  proof,  to  my  mind,  is  complete  and  unanswer- 
able. The  energy  of  the  ventricle  will  be  expended  partly  in 
raising  the  semilunar  valves,  and  partly  in  thrusting  into  the  already 
over-full  aorta  an  additional  quantity  of  blood.  The  unit  of  pres- 
sure on  the  valves  on  the  interior  of  the  aorta  and  on  the  cross-sec- 
tion of  the  aortic  contents  at  a  certain  distance  from  the  valve 
will  be  the  same,  because  fluid  pressure  exerts  itself  equally  in  all 
directions.  Now,  as  the  area  of  the  aorta  is  many  times  greater 
than  the  area  of  the  cross-section  (diagram,  page  16),  the  greater 
part  of  the  energy  of  the  ventricle  will  be  expended  in  dilating  the 
first  portion  of  the  artery,  and  only  a  comparatively  small  amount  in 
driving  forward  the  main  column  of  blood,  i.e.,  accelerating  the  flow. 

So  important  do  I  consider  the  establishment  of  the  fact  that 
it  is  the  first  part  only  of  the  aorta  that  is  dilated  by  the  con- 
traction of  the  ventricle,  and  that  this  dilation  passes  in  regular 
wave  from  one  end  of  the  arterial  system  to  the  other,  that  I 
had  adduced  the  foregoing  arguments  in  proof,  any  one  of  which, 
to  my  mind,  is  sufficient. 

On  the  establishment  of  this  fact  depends  the  proper  under- 
standing of  the  mechanism  of  the  pulse  and  the  mode  of  closure 
of  the  semilunar  valves. 

As  a  further  illustration,  consider  the  explosion  in  an  ordinary 
fowhng-piece.  The  force  of  the  explosion  is  expended  equally  in 
all  directions-forwards,  backwards,  and  sideways.    The  action 
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and  reaction  are  equal  and  opposite  at  all  points  of  the  compass. 
Why  is  it  necessary  to  have  the  gun  for  several  inches  thicker  at 
the  breech  than  elsewhere  ?  Because  the  amount  of  pressure 
being  equal  in  all  directions,  and  the  area  of  the  walls  of  the 
breech  being  many  times  greater  than  the  cross-section  of  the 
barrel,  the  chief  effect  of  the  explosion  would  be  expended  in 
dilating  the  breech,  and  only  a  relatively  small  amount  in  driving 
forward  the  shot.  The  breech,  however,  is  prevented  from  dilat- 
ing by  its  strength,  consequently  nearly  the  whole  force  is  con- 
centrated on  the  projectile.  This  homely  illustration  may  possibly 
serve  to  make  clear  my  contention  that  it  is  the  first  portion 
only  of  the  aorta  that  is  dilated  as  the  immediate  effect  of  the 
ventricular  systole. 

Before  leaving  the  subject  of  the  laws  of  flow  in  rigid  and  elastic 
tubes,  at  the  risk  of  being  tedious  I  should  like  here,  in  as  few 
words  as  possible,  to  explain  how  an  intermittent  injection  into 
elastic  tubes  becomes  converted  into  a  continuous  stream.  The 
flow  would  be  intermitting  in  character  in  elastic  tubes  if  the  time 
between  two  successive  systoles  were  longer  than  the  duration  of 
the  current  necessary  for  the  compensation  of  the  difference  of 
pressure  caused  by  the  systole.  If  the  time  between  two  successive 
systoles  be  shorter  than  the  time  necessary  to  equilibrate  the  pres- 
sure the  current  will  become  continuous,  provided  the  resistance 
at  the  periphery  of  the  tube  be  sufficiently  great  to  bring  the 
elasticity  of  the  tube  into  action.  The  more  rapidly  systole 
follows  systole,  the  greater  the  difference  of  pressure  becomes, 
and  the  more  distended  the  elastic  walls.  Although  the  current 
thus  produced  is  continuous,  a  sudden  rise  of  pressure  is  caused 
by  the  forcing  in  of  a  mass  of  blood  at  every  systole,  sp  that  with 
every  systole  there  is  a  sudden  jerk  and  acceleration  of  the  blood 
stream. 

The  idea,  then,  that  the  blood  flows  in  a  stream  directly  through 
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the  aorta  by  the  direct  propulsion  of  the  ventricle  cannot  be 
maintained  for  a  moment ;  and  equally  untenable  is  the  statement 
that  the  particles  of  blood  composing  this  stream,  obeying  the 
first  law  of  motion,  continue  to  move  after  the  ventricle  has  dis- 
charged itself,  and  so  causing  a  diminution  of  pressure  near  the 
valves,  induce  a  back  current,  which  closes  the  semilunar  valves. 

We  are  now,  then,  in  a  position  to  follow  the  blood  through 
the  semilunar  valves  into  the  aorta,  and  note  the  result. 

The  observation  "  that  when  in  a  closed  channel  a  rapid  current 
suddenly  ceases  a  negative  pressure  makes  its  appearance  in  the 
rear  of  the  fluid  and  sets  up  a  reflex  current"  is  perfectly  true, 
but  I  fail  to  see  in  what  possible  way  it  has  the  slightest  bearing 
on  the  injection  of  the  aorta  by  the  ventricle.  The  observation 
applies  only  to  a  rapid  current  passing  through  rigid  tubes  with 
a  free  exit.  No  reflex  current  is  possible  in  a  tense  elastic  tube 
under  very  great  pressure. 

We  previously  digressed  at  the  point  where  the  tension  m 
^the  ventricle  had  risen  after  the  closure  of  the  auriculo -ven- 
tricular opening  from  -  2  mm.  to  +  200  mm.,  that  is  to  say  to  a  part 
where  the  tension  in  the  ventricle  and  aorta  was  equal.  At  this 
period  obviously  the  pressure  on  both  sides  of  the  semilunar  valves 
is  the  same.  At  the  moment  when  the  pressure  in  the  ventricle 
exceeds  the  pressure  in  the  aorta  the  valves  will  move  up,  separate 
at  their  centres,  and  blood  will  enter.  As  blood  is  squeezed  into 
tne  aorta  from  the  ventricle  the  tension  in  the  aorta  increases 
and  consequently  reacts  and  opposes  the  further  action  of  the  ven- 
tricle, necessitating  and  calling  forth  an  increase  of  energy  from 
that  structure.  The  arrangement  of  the  fibres  of  the  heart  in  dis- 
tinct cones  provides  admirably  for  this,  allowing  a  diminution  of 
the  cavity  of  the  ventricle,  and  at  the  same  time  keeping  in  reserve 
several  cones  as  emergency  demands.  The  ventricle,  then,  from 
the  moment  it  commences  to  inject  blood  into  the  aorta,  has  to 
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exert  a  gradually  increasing  force,  the  tension  being  greatest  at 
the  end,  and  least  at  the  beginning  of  the  systole,  both  in  the 
aorta  and  ventricle.  From  this  we  can  make  a  most  important 
note,  namely,  that  the  blood  towards  the  end  of  the  systole  enters 
the  aorta  under  very  great  pressure,  and  consequently  greatly 
diminished  momentum;  and  further,  that  the  rate  of  injection 
by  the  ventricle  gradually  decreases  from  the  beginning  to  the 
end  of  the  systole.  At  the  end  of  the  systole,  when  the  pressure 
above  and  below  the  valves  is  again  equal,  the  valves  are  just 
closed,  and  the  last  drop  of  blood  that  enters  must  occupy  the 
position  of  the  corpora  arantii.  While  the  pressure  in  the  ventricle 
exceeds  the  pressure  in  the  aorta  blood  will  enter  from  one  into 
the  other.  Directly  the  pressure  in  the  ventricle  begins  to  relax 
the  pressure  on  the  upper  surfaces  of  the  semilunar  valves  will  close 
them  down,  and  at  the  precise  moment  when  the  pressure  on  both 
sides  is  equal  no  more  blood  will  enter.  At  the  precise  moment 
when  the  pressure  in  the  aorta  is  greater  than  that  in  the  ven- 
tricle by  ever  so  small  in  amount  the  valves  will  be  closed  to 
completely. 

The  next  point  to  investigate  is  the  position  in  the  aorta  occu- 
pied by  the  contents  of  the  ventricle.  For  the  sake  of  illustration 
we  may  look  upon  the  aorta  as  an  elastic  bag  distended  with  little 
solid  particles,  say  peas.  Now,  if  one  pea  be  thrust  into  the  bag 
it  will  slightly  further  distend  it,  and  rest  immediately  above  the 
corpora  arentii,  exerting  a  pressure  in  every  direction— forwards 
backwards,  and  sideways.  The  same  argument  will  apply  if  fifty 
peas  are  thrust  in ;  they  will  occupy  the  neighbourhood  of  the 
centre  of  the  upper  surface  of  the  valve  and  the  surrounding 
space.  Extending  our  illustration,  the  blood  entering  from  the 
ventricle  will  occupy  the  centre  of  the  lumen  of  the  first  few 
inches  of  the  aorta,  thrusting  the  previous  contents  forwards,  so 
accelerating  the  now  through  the  arteries  generally,  backwards 
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exerting  an  increased  pressure  on  the  semilunar  valve,  and 
sideways  tending  to  greatly  distend  the  first  part  of  the  aorta 
It  is  clear,  then,  that  blood  traverses  the  arterial  system  in  the 
order  in  which  it  enters  the  aorta  from  the  ventricle. 


Position  of  Ventricular  Contents  in  Aorta. 


To  repeat  more  exactly,  the  following  is  my  contention  so  far  : 
That  the  blood  in  the  ventricle  is  sucked  in  from  the  great  veins 
and  auricles  by  the  aspirating  power  of  the  ventricle.  That  the 
musculi  papillares  commence  to  contract  and  approximate  the 
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valves  before  the  ventricle  is  quite  full.    That  by  the  time  the 
ventricle  is  fully  distended  these  valves  are  approximated.  That 
as  soon  as  the  tension  in  the  ventricle  begins  to  rise  they  are 
closely  approximated  and  rendered  efficient.    The  tension  in  the 
ventricle  now  rapidly  rises,  more  and  more  of  the  heart  substance 
being  called  into  .action.    As  soon  as  the  tension  in  the  ventricle 
exceeds  that  in  the  aorta  blood  commences  to  enter,  the  valves  at 
the  same  time  separating  at  their  centres.  The  direct  effect  of  the 
blood  entering  the  aorta  from  the  ventricle  is  an  increase  of  ten- 
sion  and  distension  of  the  first  part  of  the  aorta,  an  increase  in 
the  rapidity  of  flow  in  the  small  arteries,  and  an  increase  of  re- 
sistance to  the  ventricle.    Towards  the  end  of  the  systole  the 
valves  are  nearly  closed,  and  the  last  few  drops  of  blood  enter  the 
aorta  under  a  maximum  of  pressure  and  with  small  momentum, 
and  lie  above  the  corpora  arantii.    The  blood  thrust  in  by 
the  ventricle  occupies  the  centre  of  the  lumen  of  the  first  few 
inches  of  the  aorta. 
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LECTURE  II. 

R.  PRESIDENT  and  Gentlemen— In  my  last  Lecture  I 
endeavoured  to  lay  before  you  what  I  conceived  to  be  a 
more  correct  account  of  the  contraction  of  the  ventricle,  and  its 
effect  upon  the  aorta,  valves,  and  general  circulation.  I  was  the 
more  concerned  in  establishing  three  points  : — 

'  i.  The  powerful  aspiration  by  the  ventricle  of  the  auricle  and 
great  veins. 

2.  That  the  chief  part  of  the  energy  of  the  ventricle  was  ex- 
pended in  distending  the  first  part,  and  the  first  part  only,  of  the 
aorta. 

3.  That  the  contents  of  the  ventricle  were  deposited  in  and 
distended  this  first  part  of  the  tube. 

To-day  I  propose  to  direct  your  attention  to  the  three  small 
pouches  at  the  root  of  the  aorta  and  pulmonary  arteries,  and  en- 
deavour to  prove  to  you  that  they  are  not  only  not  semi-patho- 
logical formations,  as  stated  by  most  authors,  but,  on  the  contrary 
that  they  are  absolutely  essential  to  the  mechanism  of  the  ven- 
tricles ;  in  fact,  without  these  the  constant  efficiency  of  the  heart 
as  a  pump  would  be  seriously  endangered. 

The  auricular  appendices,  hitherto  regarded,  or  rather  disre- 
garded, I  shall  endeavour  to  show  are  very  important  agents  in  the 
closure  of  the  tricuspid  and  mitral  valves.  My  views  on  the  functions 
of  these  parts  were  embodied  in  a  paper  placed  before  the  Royal 
Society  some  eighteen  months  ago,  but  I  regret  to  say  subse- 
quently deposited  in  the  limbo  of  the  Proceedings  without  com- 
ment and  without  criticism.    With  your   permission  I  shall 
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embrace  th*  opportunity  of  again  submitting  them  to  your 
notice,  feehng  sure  that  in  submitting  my  views  to  this  the 
highest  tnbunal  the  chaff  will  be  quickly  separated  from  the 
wheat,  and  after  that  process  if  there  is  any  residuum,  I  offer  it 
tor  your  acceptance. 

The  sinuses  of  Valsalva  are  three  pouches  situated  at  the  root 
of  the  pulmonary  artery  and  aorta,  opposite  the  semilunar  valves 
one  for  each.  They  are  permanent  or  structural  dilatations  in 
the  walls  of  these  vessels,  and  as  such  are  easily  demonstrated 
on  the  undistended  and  empty  tubes.  These  pouches  are 
constant  features  of  all  mammalian  and  avian  hearts.  Up  till 
quite  recently  they  were  simply  described  by  anatomists,  and 
no  particular  part  was  assigned  to  them  in  the  mechanism 
of  the  circulation. 

Recent  authors,  asserting  the  existence  of  a  reflex  current  in 
the  aorta,  have  built  upon  this  assumption,  and  used  it  as  an  ex- 
planation of  the  existence  of  these  pouches.  The  argument  is 
this,  that  a  reflex  current  exists  in  the  aorta  ;  that  this  reflex  cur- 
rent strikes  the  upper  surface  of  the  semilunar  valves,  and  from 
thence  is  reflected  on  to  the  wall  of  the  artery  opposite  these  valves; 
that  by  the  gradual  effect  of  this  reflex  current  these  pouches  are 
formed.  In  support  of  this  argument  the  statement  is  adduced  that 
these  pouches  do  not  appear  till  late  in  foetal  life,  and  from  this  it 
is  argued  that  their  late  appearance  is  due  to  the  gradual  effect 
of  the  back  or  reflex  current  during  intra-uterine  life. 

Let  us  follow  this  argument  to  its  legitimate  conclusion,  allow- 
ing, for  mere  purposes  of  argument,  that  such  a  state  of  things  as  a 
reflex  current  does  actually  exist.  Surely  as  the  heart  becomes 
stronger  this  reflex  current  will  increase  in  force,  and  conse- 
quently the  effect  on  the  wall  of  the  artery  will  increase  pari  passu. 
The  gradual  dilatation  will  not  cease,  but  may  reasonably  be  ex- 
pected to  increase  with  advancing  years,  and  we  might  legiti- 
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mately  expect  to  find  the  sinuses  of  Valsalva  assuming  proportions 
frightful  to  contemplate.  As  a  matter  of  fact  the  sinuses  of  Val- 
salva appear  very  early  in  foetal  life,  assuming  commensurate 
proportions  with  the  growth  of  the  heart.  It  is  usual  to  find  that 
the  pouches  are  not  equally  developed  ;  one  is  usually  m  a  rudi- 
mentary state  till  quite  late. 


I  think,  then,  I  have  disposed  ol  the  explanation  as  at  present 
given  in  recent  works  of  physiology  of  the  quasi-pathological 
formation  of  these  pouches.  Under  normal  circumstances  the 
semilunar  valves  can  never  line  the  sinuses,  however  much  they 
are  pressed  up  or  inverted  by  the  contents  of  the  ventricle 
because  the  capacity  of  the  sinus  or  area  of  the  sinus  is  much 
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greater  than  the  capacity  or  area  of  the  inverted  valves  (diagram 
Page  25).  At  all  times,  under  normal  circumstances,  blood  in 
considerable  quantity,  exerting  a  considerable  downward  pressure 
on  the  valves,  will  exist  in  these  sinuses. 

Let  us  now  contemplate  the  result  of  the  non-existence  of 
these  pouches  ;  let  us  for  a  moment  assume  that  the  root  of  the 
aorta  is  quite  cylindrical.  Under  these  circumstances  a  sudden  and 
violent  contraction  of  the  ventricle  could  so  displace  these  valves  as 
to  approach  them  closely  to  the  wall  of  the  aorta,  with  the  result  ot 
fixing  them  in  this  abnormal  position  (diagram,  p.  25).    Once  let 


Elastic  Bag  illustrating  Initial  distension  of  Aorta  by  Ventricle. 
V,  Ventricle ;  A,  Aorta. 


them  line  the  arterial  wall,  and  the  whole  pressure  of  the  aorta 
would  be  thrown  upon  the  under  instead  of  the  upper  surfaces, 
so  the  more  tending  to  retain  them  in  their  abnormal  positions, 
and  leaguing  the  ventricle  to  support  the  whole  pressure  of  the 
aortic  contents.  In  the  case  of  at  least  two  ot  these  pouches  the 
suction  of  the  coronary  arteries  might  retain  two  of  the  valves 
and  prevent  any  further  supply  of  blood  to  the  heart. 

I  would  here  offer  as  a  mere  suggestion  that  in  some 
cases  of  sudden  death  from  emotional  causes,  in  weakly 
subjects  where  the  tension  is  low,  and  where  no  post-mortem 
structural  change  is  found  in  the  heart,  that  the  state  of  things  I 
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have  described  above  as  being  impossible  under  normal  circum- 
stances does  actually  take  place. 

I  submit  to  you  that  the  sinuses  of  Valsalva  prevent  the 
semilunar  valves  from  ever,  under  normal  circumstances  during 
life,  being  sufficiently  inverted  as  to  line  these  pouches,  and 
thereby  constantly  maintaining  a  state  of  things  by  which  under 
all  circumstances  the  valves  shall  come  together  subsequent  to 
the  injection  by  the  ventricle.  Such,  then,  being  the  case,  they 
are  absolutely  essential  to  the  efficient  action  of  the  valves. 

The  auricular  appendices,  as  you  are   aware,  are  conical 

_y\_^  s\  ^ — - 


INTRA  AURICULAR  PRESSURE  CURVE. 

dilatations  in  the  upper  and  fore  part  of  the  auricular  chambers. 
They  are  situated  immediately  above  each  auriculo-ventricular 
orifice.  They  are  constant  features  of  all  mammalian  and  avian 
hearts.  The  auricular  appendix  is  the  strongest  and  thickest  part 
of  the  auricle.  In  these  structures  the  fibres  are  arranged  in 
powerful  parallel  bundles,  which  stand  out  in  bold  relief  on  the 
inner  surface,  suggesting  the  name,  musculi-pectinati.  In  the 
rest  of  the  auricle  the  fibres  are  very  much  more  sparse,  run- 
ning in  all  directions,  leaving  intervals  composed  simply  of  peri- 
and  endo-cardium. 

Having  grave  doubts  as  to  the  possibility  of  the  auricle  as  a 
whole  actively  contracting,  and  still  graver  apprehensions  that  if 
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such  were  the  case  the  result  could  only  be  injurious  to  the  c 
dilation,  I  instituted  a  number  of  experiments  on  the  auricles 
of  dogs.     In  the  first  place  1  failed  to  observe  that  the  auricle 
ever  did  empty  itself.    During  the  diastole  of  the  ventricle  a 
distinct  flattening  of  the  superior  cava  and  upper  part  of  auricle 
was  noticeable.    I  could  detect  no  wave  of  contraction  spread- 
ing from  the  great  veins  towards  the  auricle.    The  only  portion 
of  the   auricle  that  was   observed  to  contract   sensibly  and 
vigorously  was  the  auricular  appendix.     The  contraction  im- 
mediately preceded  the  systole  of  the  ventricle,  and  might  be 
compared  to  the  descent  of  the  hammer  on  the  cap  before  the 
explosion  in  the  gun  when  the  heart  was  beating  rapidly.  The 
appendix  completely  emptied  itself,  became  pale  and  shrivelled. 
Next,  in  order  to  ascertain  the  absence  or  presence  of  increase 
of  tension  in  the  auricle  (such  as  undoubtedly  would  be  the 
case  if  the  auricle  contracted  vigorously  as  a  whole),  the  interior 
was  placed  in  communication  with  the  limb  of  a  manometer  by 
introducing  a  cannula  into  the  cavity  of  the   chamber.  No 
marked  rise  of  the  other  limb  of  the   manometer  could  be 
observed  ;  on  the  contrary,  an  oscillation  and  advance  of  the 
mercury  on  the  limb  of  the  manometer  connected  with  the  auricle 
was  evident. 

I  place  before  you  here  an  endo-auricular  pressure  tracing  after 
Mr.  Rolleston,  taken  with  the  most  minute  precautions,  to  ensure 
accuracy,  with  Professor  Roy's  manometer.  Turning  to  the 
tracing  marked  No.  5  in  his  work,  the  author  describes  it  as  an 
auricular  wave  from  cavity  of  left  auricle  thorax  opened.  To 
take  this  tracing  at  all  very  small  resistance  had  to  be  employed, 
and  you  see  it  simply  represents  a  slight  rise  of  pressure  which 
takes  place  in  the  auricle  subsequent  to  the  closure  of  the 
parachutes,  and  due  to  the  blood  collecting  in  the  auricle  and  great 
veins.    Turning  to  tracing  marked  *'  Endo-ventricular  Pressure 


Curve,"  the  author  says,  <<  With  regard  to  the  auricular  systole,  * 
can  be  seen  in  figures  i  and  4  that  this  event  causes  no  rise  6f 
pressure  separate  from  that  due  to  the  ventricular  systole.  This 
absence  of  a  distinct  rise  of  pressure  in  the  ventricle  resulting 
from  the  auricular  systole,  is  one  of  the  most  striking  features  of 
the  curves  obtained."  And  later  on  he  says,  «  I  am  therefore 
obliged  to  assume  that  the  contraction  of  the  auricle  in  the  dog 
does  not  cause  any  rise  on  the  intra-ventricular  pressure  curve 
of  a  kind  similar  to  that  obtained  by  other  observers  in  the  case 
of  a  horse." 


INTRAVENTRICULAR  PRESSURE  CURVE. 

I  agree  with  the  author  if  he  says  there  is  no  rise  due  to  a 
contraction  of  the  auricle  as  a  whole,  because  I  am  endeavouring 
to  prove  to  you  that  the  auricle  does  not  contract  as  a  whole ;  but 
in  reference  to  the  auricular  appendix  I  say  the  tracing  shows 
a  most  distinct  elevation  at  the  point  F,  due  to  the  increase  of 
pressure  imparted  to  the  ventricle  by  the  contents  of  the  appendix. 
A  slight  fall  succeeds  this  initial  rise,  because  thereby  the 
parachutes  are  bellied  out  towards  the  auricle,  and  prevent  any 
further  entrance  of  blood  from  the  auricle.    The  capacity  of  the 
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ven  ncnlar  chamber,  they  „i,l  be  distended  in  preference  to  ,h 
thick  muscular  wall. 

Another  question  presents  itself.    All  authorities  agree  (even 
the  advocates  of  a  wave  of  contraction  spreading  from  the  great 
veins)  that  the  auricle,  if  it  contracts  at  all,  contracts  suddenly 
and  immediately  before  the  ventricle.     Some  authors  assert  thai 
the  two  acts  are  continuous,  and  again  that  the  auricular  systole 
merges  or  passes  into  the  ventricular  systole.    I  ask  you,  looking 
at  the  thinness  and  constitution  of  the  wall  of  the  auricle  apart 
from  other   evidence,  how   is  it  that  a  thin-walled  chamber 
like  this,  is  capable  of  contracting  on  a  mass  of  blood  with  lightning 
rapidity,  and  driving  its  contents  into  an  already— mark  you— 
full  ventricle.     Nobody  ever  claimed  for  the  auricle  that  it 
contracted  at  the  commencement  of  the  diastole  of  the  ventricle. 
If  it  were  so,  one  could  understand  how  it  might  come  about  that 
a  thin  hollow  chamber  like  the  auricle  could  empty  itself,  but  not 
suddenly  and  in  the  face  of  a  full  ventricle. 

Next,  what  evidence  can  we  adduce  from  the  records  of  patho- 
logy for  and  against  the  theory  of  an  auricular  systole  apart  from 
that  of  the  appendix  ? 

i.  A  loud  presystolic  murmur.  I  do  not  admit  this  as  evidence 
in  support  of  a  vigorous  contraction  of  the  auricle  ;  in  the  first 
place,  because  the  appendix  is  an  all-sufficient  cause ;  secondly, 
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because  the  aspiration  of  the  ventricle  is  an  all-sufficient  cause; 
and  lastly,  but  not  least,  because  the  auricle  has  been  found  so 
dilated  and  thinned  as  to  be  physically  incapable  of  anything 
bordering  on  a  vigorous  contraction,  and  yet  a  loud  presystolic  or 
post-diastolic  murmur  has  been  evident  during  life.  Dr.  Sansom 
has  directed  my  attention  to  one  case,  in  his  Lettsomian  Lectures, 
where  a  very  loud  presystolic  murmur,  varying  with  a  post- 
diastolic, existed  during  life.  At  the  post-mortem  the  auricle  was 
found  to  be  greatly  dilated,  and  lined  to  the  extent  of  half  an  inch 
with  laminated  fibrine. 

2.  Great  hypertrophy  and  thickening  of  the  whole  auricle, 
associated  always  with  dilation,  would  appear  to  favour  the  view  of 
an  active  contraction  of  the  auricle.  I  again  cannot  admit  this  as 
evidence,  because  chronic  distension  of  any  viscus  is  always 
associated  with  hypertrophy  of  all  its  coats. 

For  the  sake  of  argument  let  us  assume  that  the  auricle  as  a 
whole  does  contract  so  as  to  expel  its  contents  with  some  force 
into  the  ventricle.  We  must  not  lose  sight  of  the  fact  that  the 
venae  cavse  and  hepatic  veins  have  no  valves,  and  that  the  valves 
that  are  found  at  the  junction  of  the  internal  jugular  with  the 
subclavian  and  subclavian  with  the  external  jugular  are  only 
competent  during  moderate  distension.  The  sinuses  of  the  head  and 
great  veins  can  be  injected  from  the  superior  cava.  With  these 
facts  before  us,  it  is  impossible  to  deny  that  were  the  auricle  as  a 
whole  to  contract  with  any  degree  of  force,  a  back  flow  and  dis- 
tension, with  pulsation  of  the  great  veins  at  the  root  of  the  neck 
and  liver,  must  inevitably  result.  The  auricle  would  exert 
itself  quite  as  much  in  one  direction  as  the  other ;  in  fact 
more  so,  for  the  combined  openings  into  the  cavae  are  larger  than 
the  opening  into  the  ventricle,  and  the  opposition  is  tess.  What 
takes  place  when  there  is  back  pressure  into  the  auricle  from 
valvular  incompetence  of  the  right  heart  ?    Why,  frequently  a 


well-marked  venous  distension  and  pulsation,  not  only  in  the  neck, 
but  m  the  hver  also.  It  is  to  my  mind  impossible  to  argue  that 
the  momentum  of  the  flow  in  the  veins  and  liver  normally 
arrest  a  back  current  and  prevents  pulsation.  If  this  is  the  case 
normally,  why  not  during  tricuspid  regurgitation  ? 

I  think,  then,  I  have  adduced  sufficient  evidence  to  support  the 
argument  that  the  auricle,  as  a  whole,  does  not  contract  more  than 
perhaps  to  a  most  limited  extent. 

To  sum  up  :  For  the  contraction  I  know  nothing.  Against  (i) 
thinness  of  walls  or  inability ;  (2)  absence  of  valves  in  superior  or 
inferior  cavae;  (3)  no  evidence  of  endo-ventricular  or  endo-auricular 
pressure  on  pressure  curve  ■  (4)  auricular  systole  not  necessary. 

According  to  this  view,  the  auricular  appendix  being  the  only 
portion  of  the  auricle  that  vigorously  contracts,  the  question 
now  arises,  How  is  it  that  the  auricular  appendix  can  contract  and 
discharge  its  contents  without  affecting  the  general  tension  in  the 
auricle  ?  The  explanation  is  to  be  found  in  what  one  may  any 
day  observe  in  a  marine  aquarium.  The  common  medusa,  for  the 
purpose  of  locomotion,  discharges  its  contents  with  considerable 
energy.  The  reaction  of  the  discharge  causes  the  medusa  to 
progress  with  more  or  less  rapidity,  whilst  the  contents  are  moved 
with  considerable  rapidity  in  the  opposite  direction  without 
disturbing  the  surrounding  fluid.  As  a  further  illustration,  take 
an  ordinary  brass  syringe  as  used  by  aurists;  fill  this  with  coloured 
fluid,  and  lower  it  in  a  bath  of  clear  water.  On  rapidly  discharg- 
ing the  contents  of  the  syringe  it  will  be  seen  to  pass  in  a 
stream  without  materially  affecting  or  mixing  with  the  surround- 
ing fluid.  The  Gulf  Stream  is  another  familiar  example.  The 
auricular  appendix  discharges  its  contents  directly  into  the 
ventricle  with  considerable  rapidity  without  imparting  an  increase 
of  tension  to  the  auricle*  (see  diagram,  page  10). 

*  This  would  only  be  possible  where  the  pressure  is  low. 
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The  next  question  presenting  itself  is  the  effect  on  the  ventricle 
or  its  contents  by  this  rapid  discharge  from  the  auricular  appendix. 
The  object  of  the  rapid  discharge  from  the  auricular  appendix,  I 
think,  will  become  apparent  when  studied  side  by  side  with  the 
closure  of  the  tricuspid  and  mitral  valves.  These  valves  differ 
considerably  in  their  mode  of  action  from  the  semilunar  valves. 
Taking  the  tricuspid  orifice,  the  valves  may  for  all  practical  pur- 
poses be  compared  to  three  parachutes,  only  capable  of  closing  an 
orifice  when  much  distended  ;  the  more  the  distension  the  more 
efficient  the  closure.  From  this  it  will  be  seen  that  in  order  to 
bring  these  parachutes  into  requisition  they  must  first  be  opened 
out  by  the  contraction  of  the  musculi  papillares.  As  the  ventricle 
becomes  dilated  and  filled  the  valves  will  become  distended,  but 
not  sufficiently  distended  to  prevent  a  reflux  into  the  auricle. 
Directly  the  tension  begins  to  rise  in  the  ventricle  the  valves  will 
become  distended  and  closely  approximated.  The  first  impulse 
to  the  rise  of  tension  in  the  ventricle  is  given  by  the  rapid  addi- 
tion of  the  contents  of  the  appendix  to  the  ventricle.  This  rapid 
addition  of  blood  will  have  most  effect,  as  previously  explained, 
on  the  valves,  or,  in  other  words,  where  the  ventricle  is  thinnest. 
I  submit  to  you  that  the  auricular  appendices,  by  discharging  their 
contents  suddenly  and  rapidly  intq  the  ventricle,  complete  the 
necessary  distension  of  the  parachutes  of  the  valves  so  as  to 
efficiently  close  the  auriculo-ventricular  orifices  preparatory  to  the 
contraction  of  the  ventricles. 

From  what  you  may  have  gathered  from  my  views  as  to  the 
action  of  the  valves  and  their  mechanism  in  closing  the  auriculo- 
ventricular  and  aortic  openings  you  will  not  be  surprised  to  hear 
that  I  cannot  accept  the  current  explanations  of  the  sounds  that 
are  a  prominent  feature  of  the  normal  heart  beat. 

We  are  all  aware  that  on  listening  to  most  mammalian  hearts 
with  the  stethoscope  or  naked  ear  applied  to  the  chest  wall  two 
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distinct  sounds  are  heard  synchronous  with  each  cardiac  revolu- 
tion. The  two  sounds  differ  from  each  other  in  quality  and 
point  of  time,  and  are  undoubtedly  due  to  distinct  causes,  though 


Dotted  lines  indicate  Position  of  Valves  before  Ventricle  commences 
to  relax.  Thick  line  gives  position  of  Valves  on  relaxation  of 
Ventricle.  Towards  end  of  Systole  last  drops  of  blood  entered 
and  in  situ.    Valves  closed. 

one  is  capable  of  being  affected  by  the  other.  That  the  sounds 
originate  in  the  heart,  and  are  in  some  way  produced  or  affected 
by  the  passage  of  blood  through  the  heart,  we  are  all  agreed. 
The  widest  difference  of  opinion  exists  as  to  the  exact  share  or 
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what  share  the  blood  valves  and  muscular  tissue  take  in  the  for- 
mation of  these  two  sounds.  Any  detailed  description  of  these  two 
sounds  from  me  is  unnecessary.  Suffice  it  to  say  that  the  first  is 
prolonged,  low-pitched,  and  booming,  and  the  second,  short,  sharp- 
and  high-pitched.  The  first  sound  is  synchronous  with  the 
systole  of  the  ventricle,  and  the  second  with  the  commencement 
of  the  diastole.  On  examining  the  various  works  on  physiology 
there  seems  to  be  a  complete  agreement  as  to  the  cause  of  the 
second  sound.  The  books  say,  "There  can  be  no  doubt,  in 
fact,  that  the  second  sound  of  the  heart  is  due  to  the  semi- 
lunar valves  being  thrown  into  vibration  at  their  sudden  closure." 

Now,  I  for  one  beg  leave  most  respectfully  to  differ  from  the 
authors  of  this  statement.  If  they  will  allow  the  quotation  to 
run  thus,  I  am  in  perfect  accord  with  them  :  There  can  be  no 
doubt,  in  fact,  that  the  second  sound  of  the  heart  is  due  to  the 
semilunar  valves  being  thrown  into  vibration  subsequent  to  their 
closure,  and  consequent  on  the  loss  of  support  below,  due  to  the 
relaxation  of  the  ventricle. 

I  will  now  proceed  to  justify  the  recommendation  of  this 
statement  in  preference  to  the  quotation  laid  before  you. 

I  have  pointed  out  in  a  previous  lecture  how  as  the  ven- 
tricle discharges  itself  the  tension  in  the  first  part  of  the  aorta 
increases,  exerting  an  increased  pressure  on  the  semilunar 
valves  and  an  increased  opposition  to  the  entrance  of  blood  from 
the  ventricle;  that  consequently  the  last  drops  of  blood  that 
enter  the  aorta  must  do  so  under  very  great  pressure  and  with 
very  small  momentum  ;  that  at  this  precise  moment  the  tension 
above  and  below  the  valves  is  approaching  equality,  and  at  the 
very  moment  when  the  tension  above  is  by  ever  so  small  an 
amount  greater  than  that  in  the  ventricle  the  valves  must  close 
to.  In  fact,  the  closure  must  of  necessity  immediately  follow 
the  entrance  of  the  last   drops  of  blood  into  the  aorta,  or 
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regurgitation  would  inevitably  take  place.  At  the  precise 
moment  when  the  last  drop  of  blood  has  entered  the  aorta  the 
pressure  above  the  valves  and  below  is  equal  and  at  a  maxi- 
mum. The  ventricle  now  immediately  commences  to  dilate,  and 
the  tension  below  the  valves  is  suddenly  changed  from  a  maxi 
mum  to  a  minimum.  The  valves  now  have  to  bear  the  whole 
strain  of  the  aortic  pressure  without  the  smallest  assistance  from 
below.  This  strain  is  not  gradual,  but  sudden,  from  the  sudden 
relaxation  of  the  ventricle,  the  valves  being  subjected  to  a  sud- 
den extra  strain  at  the  moment  of  commencing  diastole  of  the 
ventricle  vibrate.  The  vibration  is  short,  sharp,  and  high-pitched 
the  duration  is  unmeasurable.  The  second  sound  of  the  heart 
may  be  exactly  imitated  by  suddenly  stretching  a  small  portion 
of  an  ordinary  silk  handkerchief  between  the  thumb  and  fore- 
finger of  each  hand. 

I  beg  to  submit  to  you  that  the  second  sound  of  the  heart  is 
due  to  this  sudden  change  of  pressure  in  the  ventricle.  The 
support  below  the  valves  being  suddenly  changed  from  a  maximum 
to  a  minimum,  they  are  strained,  and  being  consequently  ren 
dered  suddenly  more  tense,  vibrate.  The  second  sound  is  a 
sound  of  tension,  a  sound  of  stifled  or  aborted  vibration. 

In  dealing  with  the  first  sound  of  the  heart  there  is  even  more 
difference  of  opinion  as  to  its  exact  nature  and  causes.  It  is 
more  prolonged,  lower  pitched,  and  booming  than  the  second 
sound.  It  is  synchronous  with  the  contraction  of  the  ventricle, 
commencing  shortly  after  the  commencement  of  the  ventricular 
systole  and  ending  with  the  systole.  It  is  distinctly  affected  by 
the  degree  of  vigour  or  the  reverse  of  the  ventricle ;  hypertrophy 
intensifies,  whilst  atrophy  or  degeneration  distinctly  lessens  the 
sound.  It  is  generally  attributed  to  two  causes  :  firstly,  to  the 
sound  emitted  by  the  contracting  fibres  of  the  ventricle  (even 
this  is  disputed);  and  secondly,  to  the  sound  produced  by  the 


auriculo-ventricular  valves  and  cord*  tending  being  thrown 
into  vibration  at  the  moment  of  their  sudden  approximation. 

With  regard  to  the  first  factor,  namely,  the  sound  produced  by 
the  contracting  fibres  of  the  ventricle,  it  is  impossible  to  reject 
it  in  the  face  of  the  fact  that  the  sound  is  emitted  from  excised 
and  empty  hearts  whose  valves  are  destroyed  or  fixed.  I  believe 
there  is  very  little  disagreement  on  this  point. 

In  reference  to  the  second  factor,  namely,  the  sound  produced- 
by  the  sudden  closure  and  vibration  of  the  auriculo-ventricular 
valves  and  chord*  tendinae,  I  am  unable  to  agree.  I  have  done 
my  best  to  place  before  you  very  cogent  reasons  why  I  consider 
it  impossible  to  entertain  the  notion  of  a  sudden  or  slap-bang 
closure  of  the  parachutes.  To  my  mind  it  is  impossible  to  con- 
ceive how  the  openings  into  the  auricles  can  be  closed  by  structures 
like  the  valves,  except  in  the  manner  I  have  related  to  you. 
Again,  I  submit  to  you  that  neither  the  semilunar  valves  nor  the 
auriculo-ventricular  valves  are  approximated  suddenly  in  the 
sense  the  books  would  imply.  At  both  orifices  the  closed  valves 
are  subjected  to  a  sudden  strain.  In  the  case  of  the  semilunar 
valves  the  sudden  strain  is  due  to  the  loss  of  support  by  the 
ventricle  ;  and  in  the  case  of  the  auriculo-ventricular  valves  the 
strain  is  due  to  the  sudden  and  powerful  contraction  of  the 
ventricle.  The  sound  is  a  sound  of  tension  or  muffled  vibration, 
not  of  free  vibration. 

To  repeat  more  exactly,  the  first  sound  of  the  heart  is  due  to 
the  sound  emitted  by  the  contraction  of  the  muscular  fibres  of  the 
ventricle,  as  well  as  the  sound  emitted  by  the  sudden  strain  that 
the  closed  parachutes  are  subjected  to  during  the  rapid  contrac- 
tion of  the  ventricle.  Possibly  another  element  may  be  the 
sudden  strain  the  aorta  is  subjected  to  during  the  systole  of  the 
ventricle. 
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LECTURE  HI. 

jyjR.  PRESIDENT  and  Gentlemen,-In  my  last  Lecture  I 
endeavoured  to  lay  before  you  my  views  on  the  part 
played  in  the  mechanism  of  the  circulation  by  the  sinuses  of 
Valsalva  and  the  auricular  appendices.  I  passed  then  on  to 
discuss,  first,  the  second  sound  of  the  heart ;  and  here  I  differed 
from  all  previous  observers,  in  so  far  as  I  contended  that  the  semi- 
lunar valves  did  not  close  too  suddenly  in  the  sense  the  books  would 
imply.  I  contended  that  the  valves  must  ot  necessity  be  nearly 
closed  before  the  last  few  drops  of  blood  entered  the  aorta ;  that 
at  the  moment  when  the  last  drops  of  blood  had  entered  the  aorta 
the  pressure  above  and  below  the  valves  was  equal,  in  fact  the 
valves  were  suspended  between  two  equal  and  opposing  forces ; 
that  as  soon  as  the  pressure  above  exceeded  the  pressure  below 
no  more  blood  could  enter,  and  the  valves  must  close  to 
immediately  after  the  entrance  of  the  last  drops  of  blood.  I 
attempted  to  show  that  any  other  arrangement  than  this  must  of 
necessity  allow  regurgitation  into  the  ventricle.  I  attributed  the 
second  sound  of  the  heart  to  the  strain  the  closed  valves  were 
subjected  to,  consequent  on  the  sudden  loss  01  support  below, 
at  the  moment  of  commencing  diastole  of  the  ventricle.  In  like 
manner  I  endeavoured  to  show  that  the  tricuspid  and  mitral 
valves  could  not  flap  to  suddenly.  Any  such  arrangement 
would  undoubtedly  imply  regurgitation  as  a  normal  state  of 
things  and  that  there  was  not  the  smallest  particle  of  evidence  in 
support  of  this.     I  suggested  that  the  valves  were  gradually 
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approximated  by  the  musculi  papillares,  from  the  very  commence 
ment  of  the  diastole  of  the  ventricle;  that  they  could  only 
become  efficient  as  valves  when  much  distended,  and  that  their 
efficiency  and  approximation  depended  upon  the  distension  of  the 
ventricle  ;  also  that  the  complete  distension  of  the  ventricle  and 
consequent  approximation  of  the  valves  depended  on  the  sudden 
discharge  from  the  auricular  appendix.  Lastly,  I  contended  that 
the  tricuspid  and  mitral  valves  being  closed,  they  were  suddenly 
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strained  by  the  powerful  contraction  ot  the  ventricle.  Being 
strained,  they  probably  emitted  a  muffled  sound  of  tension,  and 
that  this,  probably  with  the  sound  emitted  irom  contraction  of  the 
muscular  tissue  of  the  ventricle  and  the  sudden  tension  of  the 
aorta,  was  the  cause  of  the  first  sound  of  the  heart. 

Before  proceeding  to  discuss  the  mechanism  of  the  pulse,  and 
whilst  on  the  subject  of  the  contraction  of  the  ventricle  and  cause 
of  the  second  sound  of  the  heart,  I  would  here  wish  to  fill  up 
some  omissions  in  my  last  Lecture. 
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I  would  have  added  that  I  do  not  see  how  it  is  physically  possible 
for  the  ventricle  to  completely  empty  itself.    There  is  always  an 
undischarged  residuum,  as  I  think  will  appear  evident  on  a  further 
examination  of  this  endo-ventricular  pressure  tracing.   The  ascent 
from  E  to  F  (see  diagram,  page  4)  is  caused  by  and  indicates  the 
initial  rise  of  pressure  in  the  ventricle  due  to  the  contraction  of  the 
auricular  appendix.  The  subsequent  slight  fall  is  due  to  the  bulging 
and  approximation  of  the  tricuspid  and  mitral  valves  towards  the 
auricular  cavity.  The  almost  vertical  rise  from  G  to  B  represents  the 
continuous  steady  and  powerful  contraction  of  the  ventricle,  the 
point  B  marking  the  phase  of  maximum  tension  both  in  the  ventricle 
and  the  aorta,  and  the  exact  point  when  the  last  drops  of  blood 
have  entered.     The  more  or  less  sudden  descent  from  B  to  C, 
and  subsequently  to  D,  causing  a  well-marked  elevation  in  all 
tracings,  is  the  subject  of  grave  difference  of  opinion. 

Mr.  Rolleston  says,  "With  regard  to  the  cause  of  the  appear- 
ance of  this  notch,  only  one  explanation  of  which  I  have  been 
able  to  think  appears  to  me  satisfactory,  ...  it  may  be  due  to 
the  increased  freedom  of  outflow  from  the  ventricle  which  takes 
place  as  soon  as  the  column  of  blood  is  set  in  motion." 

The  explanation  I  have  offered  for  your  acceptance  of  the 
cause  of  the  second  sound  of  the  heart  will  satisfactorily  explain 
this  notch,  and  subsequent  slight  rise  or  more  gradual  fall  to  D. 
The  valves  at  the  moment  of  commencing  diastole  were  suspended, 
but  closed  between  two  equal  and  opposing  forces.  The  support 
below  being  suddenly  removed,  the  valves  are  forced  down  to- 
wards the  ventricle,  and  for  a  moment  the  displacement  serves  to 
slightly  increase  the  tension  in  the  undischarged  residuum  of  the 
ventricle,  causing  the  slight  elevation  at  the  point  D.  At  D, 
then,  is  the  point  where  the  second  sound  of  the  heart  is  produced. 
The  subsequent  rapid  and  continuous  fall  to  the  point  E  marks 
the  aspiration  of  the  auricle  and  great  veins  by  the  ventricle. 


We  pass  on  now  to  examine  and  discuss  the  mechanism  of  the 
pulse. 

If  asked  to  define  the  pulse,  or  to  explain  the  cause  of  the  some- 
thing we  feel  on  applying  the  finger  to  any  prominent  artery  on 
the  living  subject,  I  should  say  that  the  feeling  of  enlargement 
of  the  artery  imparted  to  the  finger  at  the  point  of  contact  was 
an  actual  temporary  enlargement  of  the  artery,  due  to  a  wave  of 
distension  propagated  from  the  aorta.    I  state  simple  facts. 

I  made  experiments  on  the  arteries  of  dogs  from  the  aorta 
downwards.  I  placed  the  finest  aluminium  calipers  on  the  aorta  of 
several  dogs,  exerting  no  sensible  pressure,  each  limb  of  the 
calipers  passing  round  an  arc  of  the  artery  equal  to  a  semicircle- 
The  calipers  were  always  markedly  separated,  as  indicated  by 
the  recording  points.  The  same  experiment  on  any  artery  gave 
exactly  the  same  results,  and  with  calipers  placed  simultaneously 
on  the  aorta  and  femorals  the  femoral  dilatation  was  subsequent  to 
that  in  the  aorta. 

I  hope  this  is  a  sufficient  answer  to  the  statement  that  the 
pulse  as  felt  at  the  wrist  or  elsewhere  gave  one  the  impression  of 
distension ;  that  really  no  distension  took  place  at  the  point  of 
contact ;  the  artery  simply  returned  to  the  cylindrical  shape,  in 
opposition  to  the  flattening  caused  by  the  pressure  from  the  finger 
or  sphygmograph. 

I  would  maintain,  then,  that  the  pulse  is  caused  by  a  wave  ot 
distension  propagated  from  the  aorta,  or,  in  other  words,  the  dis- 
tension imparted  to  the  aorta  by  the  ventricular  systole  is  dis- 
tributed rapidly  throughout  the  arterial  system.  The  first  part 
of  the  aorta  being  over-distended  by  the  ventricle,  recoils  upon 
its  contents.  The  passage  into  the  ventricle  being  closed,  and 
the  tension  or  pressure  on  the  upper  surfaces  of  the  semilunar 
valves  being  at  a  maximum  at  the  moment  of  commencing  dias- 
tole, the  recoil  of  the  aorta  can  have  no  further  effect  upon  them- 
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Such  being  the  case,  part  of  the  force  of  recoil  is  expended  in 
dilating  another  segment  of  the  tube,  whilst  the  aorta  retains  for 
itself  an  increased  tension,  which  increased  tension  only  subsides 
to  the  normal  before  the  next  systole  of  the  ventricle.  The  gain 
of  tension  in  the  aorta  after  the  recoil  serves  to  squeeze  the  blood 
through,  and  oppose  the  opposition  to  the  flow  in  the  capillaries. 
The  next  segment  being  over-distended,  recoils,  and  whilst 
reserving  in  like  manner  an  increase  of  tension  for  itself,  having  a 
like  object,  distends  a  segment  of  the  tube  farther  removed  from 


Diagram  indicating  passage  of  Wave  of  Distension.  Segment  after 
Segment  distended  and  recoiling. 


the  heart.  The  recoil  of  the  second  segment  of  the  tube  normally 
has  no  back  effect  on  the  portion  of  the  aorta  nearest  the  heart, 
because  here  the  walls  are  thicker  and  the  tension  is  higher,  and 
because,  moreover,  the  resistance  to  distension  in  front  is  less 
than  behind.  The  semilunar  valves  practically  serve  the  same 
purpose,  when  the  tension  is  normal,  as  if  they  followed  the  wave 
of  distension,  backing  up,  as  it  were,  each  segment  of  the  tube, 
and  compelling  this  last  segment  to  dilate  a  segment  farther 
removed  from  the  heart.  The  rate  of  distension  is  calculated  to 
iravel  with  the  rapidity  of  about  two  metres  per  second.  We 
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thus  see  how  it  is  that  the  initial  distension  of  the  first  part  of 
the  aorta  by  the  ventricle  is  rapidly  distributed  throughout  the 
arterial  system,  in  order  to  maintain  a  general  state  of  tension 
throughout  the  arterial  system,  so  necessary  for  the  circulation  of 
the  blood. 

We  thus  see  how  it  is  that  the  tension  in  the  aorta  nearest  the 
heart  is  the  highest,  and  see  how  the  associated  tension  and  dis- 
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tension  gradually  subsides  towards  the  capillaries.  Thus  much 
is  simple,  and  will  be  disputed  by  few. 

Not  being  satisfied  with  these  simple  broad  facts  about  the 
pulse,  various  observers  have  endeavoured  to  measure  or  record, 
by  means  of  various  instruments,  the  movements  of  the  wall  of  the 
artery  at  a  particular  point  during  its  temporary  distension  and 
collapse.  The  instruments  in  question  are  the  various  forms  of 
the  sphygmograph,  so  familiar  to  us  all. 

I  do  not  propose  to  go  into  the  history  ot  the  sphymograph,  or 
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describe  its  mode  of  application  or  forms.  This  would  be  quite 
foragn  to  my  purpose  and  quite  unnecessary.  All  I  propose  to 
do  is  to  take  any  normal  average  tracing,  say  from  the  radial 
artery  of  a  healthy  man,  and  examine  its  purport,  and  interpret,  if 
possible,  its  meaning  (see  diagram,  page  43). 

A  tracing  such  as  is  represented  by  the  diagram  is  a  fair 
specimen  of  a  normal  pulse  tracing  taken  from  the  radial  artery 
of  an  apparently  healthy  man.  In  the  first  place,  it  is  admitted 
by  every  observer  that  the  curve  as  represented  by  the  zigzag  line 
from  A  to  G  does  represent  with  more  or  less  accuracy  the  tem- 
porary distension  and  collapse  of  that  portion  of  the  arterial  wall 
in  contact  with  the  button  of  the  lever.  The  line  of  ascent  from 
A  to  F  is,  moreover,  called  the  anacrotic  elevation,  and  the  line 
from  F  to  G  the  katacrotic  fall.  Any  elevations  or  notches  occur- 
ring on  the  line  F  to  A  are,  moreover,  termed  anacrotic,  and  those 
on  the  descending  are  termed  katacrotic.  A  normal  tracing 
usually  shows  no  anacrotic  notches,  but  usually  three  or  four 
notches  and  corresponding  elevations  are  always  apparent  on  the 
katacrotic  line.  These  are  marked  in  the  diagram  BCD.  Under 
certain  circumstances,  which  we  shall  investigate  more  fully 
presently,  the  finger  when  placed  on  the  living  artery  is  capable 
of  appreciating  two  distinct  impulses  to  each  beat  of  the  heart. 
A  pulse  of  this  character  is  called  double  pulse,  or  dicrotic.  If 
now  a  sphygmograph  be  applied  to  the  artery  in  question  a 
tracing  such  as  that  represented  in  the  diagram  is  readily  obtain- 
able. 

The  peculiarity  of  this  tracing  is  that  the  elevations  B  and  D  in 
the  normal  tracings  are  suppressed,  but  the  one  marked  C  is 
greatly  exaggerated.  On  this  account,  and  for  these  reasons,  it  is 
customary  to  rame  the  elevation  C,  in  the  normal  tracing,  the 
dicrotic  rise  or  elevation.  Moreover,  any  elevations  occurring  on  the 
katacrotic  line  between  A  and  C  are  spoken  of  as  pre-dicrotic,  and 
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any  between  C  and  G  as  post-dicrotic.  It  is  more  advisable,  I 
think,  to  retain  these  simple  terms,  in  preference  to  using  the 
terms  percussion  and  tidal  waves  and  secondary  tidal  waves,  as 
thereby  we  assume  a  cause  for  such  elevations  which,  to  my  mind 
is  incorrect. 

Thus  far,  then,  I  have  simply  placed  before  you  a  pulse  tracing, 
and  indicated  the  terms  I  think  it  advisable  to  adopt.  The  next 
point  is  the  interpretation  of  these  elevations  on  the  katacrotic 
line,  and  more  especially  I  shall  direct  your  attention  to  the  one 
marked  C,  or  dicrotic  elevation,  which  is  liable  under  certain 
circumstances    to    be    greatly    exaggerated    (as  in  diagram). 

DICROTIC  PULSE. 

Case  of  Typhoid  fever. 


Assuming  proportions  almost  equal  to  the  initial  rise.  More 
ingenuity  has  been  expended  in  devising  theories  for  the  inter- 
pretation of  these  elevations  on  the  katacrotic  line  than  any  other 
subject  in  the  whole  realm  of  physiology.  I  do  not  intend  to 
inflict  upon  you  these  theories  or  their  refutations ;  I  simply  pro- 
pose to  lay  before  you  the  explanations  that,  at  the  present  day, 
find  most  favour  with  physiologists.    The  honours  seem  to  be 
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equally  shared  by  Dr.  Galabin  and  Professor  Burden  Sanderson 
whose  names  I  mentionto  you  with  the  very  highest  possible  respect. 
To  quote  from  either  of  these  authors  would  be  too  lengthy,  so  I  have 
turned  to  the  last  edition,  dated  1887,  of  the  well-known  work  ot 
my  much  respected  teacher  and  friend  Dr.  Bristowe.  I  think  we 
have  a  right  to  assume  that  the  work  in  question  contains  the 
latest  and  most  acceptable  views  on  the  subject.  What  are  these 
views  ?    I  will  quote  from  the  work  : — 

"  The  typically  complete  tracing  would  thus  present  not  less 
than  four  successive  waves,  of  which  at  least  two  would  corre- 
spond to  the  systole  of  the  heart,  and  at  least  two  to  the  diastole 
The  first  of  these  waves,  which  is  known  as  the  primary  or  per- 
cussion wave,  is  generally  attributed,  not  to  any  actual  addition  to 
the  quantity  of  blood  which  the  artery  presenting  it  already  con- 
tains, but  to  the  impulse  which  is  supposed  to  be  transmitted 
along  that  blood  by  the  shock  of  the  commencing  systole,  and 
which  is  supposed  to  precede  by  a  scarcely  appreciable  interval 
the  secondary  or  tidal  wave  which  follows  it.  Dr.  Galabin, 
however,  shows  that  this  explanation  is  incorrect,  and  that  the 
percussion  and  tidal  waves  form  in  the  artery  but  one  wave,  and 
are  only  separated  by  the  sphygmograph.  Owing,  he  says,  to  the 
inertia  of  the  long  lever,  it  is  carried  up  a  little  too  high,  and  when 
in  falling  it  meets  the  true  arterial  wave  it  is  again  tossed  up, 
and  thus  forms  the  tidal  wave.  The  third,  or  dicrotic  wave  has, 
like  the  first,  been  variously  explained.  It  has  been  attributed  by 
many  to  the  shock  of  the  sudden  closure  of  the  aortic  valves,  an 
opinion  in  which  Dr.  Galabin  concurs,  and  again  to  the  recoil  ot 
the  hitherto  distended  arteries.  But  the  cause  is  probably  that 
which  Dr.  Sanderson  assigns  to  it.  He  points  out  that  as  the 
wave  due  to  the  injection  of  the  ventricular  contents  into  the 
aorta  takes  a  certain  time  to  reach  the  capillaries,  and  as 
hence,  the  period  of  greatest  movement  in  the  latter  vessels  must 
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take  place  distinctly  later  than  in  the  aorta,  so  the  subsidence 
of  this  wave  and  the  period  of  comparative  rest  that  marks  the 
end  of  the  systole  and  the  whole  of  the  diastole  is  likewise  de- 
layed in  transmission  to  the  peripheral  vessels,  and  that,  conse- 
quently, there  is  a  moment  at  which,  while  the  blood  is  almost 
stagnant  in  the  aorta,  it  is  still  flowing  rapidly  m  the  minuter 
vessels,  and  a  later  period  at  which  the  blood  in  the  capillaries 
also  becomes  comparatively  quiescent.  But  this  arrest  in  the 
capillaries,  accompanied  as  it  is  by  the  recoil  of  the  elastic  arterial 
coat  upon  the  diminished  contents  of  the  vessels,  produces  a 
virtual  distension  and  a  sudden  increase  of  pressure  throughout 
the  arterial  system.  The  dicrotic  wave  is  the  expression  of  this 
arterial  tension.  The  fourth  wave  has  probably,  as  Dr.  Galabin 
considers,  the  same  relation  to  the  dicrotic  wave  as  the  tidal  to 
the  percussion  wave." 

Now,  I  need  not  tell  those  of  you  who  have  done  me  the 
honour  to  listen  to  my  first  and  second  lectures  that  I  am  unable 
to  accept  these  explanations.  I  could  give  you,  if  I  had  time,  my 
reasons,  but  in  preference  I  will  lay  before  you  an  explanation  at 
once,  I  trust,  simple  and  in  accordance  with  facts.  I  do  not  think 
we  need  import  into  the  matter  any  elaborate  arguments  or 
theories.  Starting  from  the  point  of  distension  of  the  first  part 
of  the  aorta  and  its  recoil,  I  pointed  out  how  the  first  part  of  the 
aorta  was  distended  by  the  ventricular  contents ;  how  this 
distension  was  distributed  with  the  rapidity  of  over  two  metres 
to  the  second  throughout  the  arterial  system  ;  how  each  segment, 
when  distended,  retained  for  itself  a  portion  of  its  addition  and 
passed  the  surplus  on,  and  so  on  to  the  smallest  artery ;  how 
also  by  this  means  the  general  tension  throughout  the  arterial 
system  was  maintained,  thereby  maintaining  a  constant  and 
equable  flow  in  the  capillaries,  and  allowing  no  periods  of 
stagnation  as  stated  by  Dr.  Sanderson. 
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I  would  here  ask  your  attention  to  this  simple  diagram,  as  very 
dramatically  representing  a  portion  of  an  artery  along  which 
the  wave  of  distension  is  passing.  This  simple  indiarubber  ball 
m  hke  manner  may  be  taken  to  represent  the  portion  of  the 
artery  enlarged  by  the  wave  of  distension.    Why  the  wave  of 


distension  continues  to  travel  in  one  direction  from  the  heart  to 
the  capillaries  I  have  explained  to  you  :  (i)  Because  the  tension 
in  the  proximal  portion  of  the  artery  is  considerably  higher 
than  the  tension  in  the  distal  portion.  (2)  Because  the  blood 
cannot  move  towards  the  ventricle,  and  it  can  towards  the  capil- 
laries, and  is  moving.  (3)  Because  the  wall  of  the  artery  of  the 
penultimate  portion  is  thicker  than  the  wall  of  the  artery  in  front 
of  the  wave,  and  resists,  normally,  further  distension. 

It  is  perfectly  clear  to  any  one  that  in  the  absence  of  one  or 
more  of  those  three  causes  there  is  no  earthly  reason  why  on  the 
recoil  of  any  distended  segment  of  the  arterial  system  the 
portion  of  artery  in  front  of  and  behind  the  wave  should  not  be 
equally  distended,  just  the  same  as  in  this  simple  indiarubber 
ball,  if  no  valve  exist  at  this  point  as  much  of  its  contents 
will  pass  one  way  as  the  other  ;  or,  to  make  our  illustration  more 
complete,  the  recoil  of  this  bag  will  affect  and  dilate  the  tube  of 
entrance  as  well  as  the  tube  of  exit.  It  matters  not  whether  a 
wave  be  considered  as  passing,  and  liquid  flowing  through  the 
bag,  or  whether  the  contents  be  stationary.    Practically  speaking, 
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the  effect  of  the  semilunar  valve  follows  the  wave  of  distension, 
and  performs  for  each  segment  of  the  arterial  system  the  same 
function  as  it  did  for  the  first  part  of  the  aorta. 

Now,  sir,  it  is  impossible,  to  my  mind,  to  conceive  how  the 
recoil  of  the  segment  under  consideration  can  take  place  without 
producing  some  effect,  however  slight,  on  the  penultimate 
segments  or  the  portions  of  the  artery  last  distended.  On  recoil 
of  the  segment  under  consideration,  the  greater  part  will  be  ex- 
pended in  dilating  a  segment  of  the  tube  farther  removed  from 
the  heart.  A  small  portion  will  be  expended  in  slightly 
redistending  the  penultimate  portion.  This  penultimate  segment 
will  again  recoil  and  distend  the  ultimate  portion,  and  so  on  as 
long  as  the  tension  in  the  artery  and  duration  of  the  diastole 
will  permit.  High  tension  in  the  arterial  system  would  minimise 
or  annul  these  slight  redistensions ;  low  tension  would  increase 
and  exaggerate  them.    Let  us  look  at  the  facts  of  the  case. 


Pulse  of  vigorous  health. Tension  high. 


-Contracted  granular  kidney  Hypertrophy  Left  ventricle 


Arterial  tension  of  chronic  tubal  nephritis 


Here  is  a  tracing  taken  from  a  case  of  chronic  renal  disease, 
with  hypertrophy  of  heart,  where  the  tension  is  always  high.  The' 
secondary  elevations  have  almost  disappeared.    Here  is  a  tracing 
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taken  from  a  case  of  typhoid  fever,  where  the  secondary  elevation 
is  almost  equal  to  the  primary  (see  diagram,  page  45).  The 
vessel  is  so  lax,  and  the  heart  is  beating  so  quickly,  that  only 
one  of  the  secondary  elevations  can  be  recorded.  Just  as  in  this 
indiarubber  ball,*  if  the  valves  be  removed  to  some  distance, 
I  defy  you  to  arrange  matters  such,  however  tense  you  like  to 
make  this  portion  of  the  tube,  however  free  the  exit,  and  however 
thick  the  wall  within  the  limits  of  rigidity,  without,  on  a  sudden 
contraction  of  the  ball,  producing  some  dilatation  of  this  portion 
of  the  tube.    Of  course  the  tenser  the  tube  pro  rata  the  less  effect. 

Gentlemen,  I  hold  that  the  slight  elevations  on  the  katacrotic 
line,  as  evidenced  by  the  sphygmograph,  are  due  to  this  cause.  I 
submit  to  you  that  the  above  is  the  correct  explanation  of  the  di- 
crotic and  other  elevations  on  the  katacrotic  line.  To  repeat  more 
exactly,  I  hold  that  the  slight  elevations,  as  seen  on  the  katacrotic 
line,  as  evidenced  by  the  sphygmograph,  are  due  to  the  slight 
redistensions  that  must  inevitably  take  place  in  the  penultimate 
segment  of  artery  on  the  recoil  of  the  part ;  that  this  penultimate 
segment  under  examination  reacts  on  the  ultimate,  and  the  ulti- 
mate on  the  penultimate,  as  often  as  the  tension  and  the  diastole  01 
the  ventricle  will  permit. 

Before  bringing  these  lectures  to  a  close,  in  the  short  space  of 
time  that  remains  to  me,  I  would  wish  to  direct  your  attention  to 
certain  peculiarities  in  the  portal  circulation,  and  make  a  sugges- 
tion. The  peculiarity  of  the  portal  circulation  is  this,  that 
whereas  the  arteries  come  off  from  the  systemic  trunks,  the 
veins  do  not  return  immediately  into  the  inferior  cava,  but  are 
collected  by  a  great  vein,  termed  the  portal.  This  great  vein 
dilates  into  a  sinus  in  the  portal  fissure  of  the  liver,  and  from 
thence  breaks  up  into  a  system  of  capillary  plexuses  offering  an 

*  Here  was  shown  an  ordinary  indiarubber  syphon  enema  syringe. 


enormous  resistance  to  the  onward  flow  of  the  blood.  The  splenic 
artery  passes  into  the  enormous  swamp,  as  it  were,  of  the  spleen, 
and  any  visa  tergo  derived  from  the  ventricular  systole  must  be 
fully  expended  in  this  organ.  The  tension  in  the  portal  vein  is 
stated  on  the  best  authority  to  seldom  exceed  a  few  mm.  of  mercury. 
In  my  experiment  the  manometer  fell  from  +  4  mm.  to  -  2  mm. 
on  connecting  it  with  the  interior  of  the  splenic  vein.  I  do  no 
pretend  to  be  able  to  speak  authoritatively  on  the  subject.  The 
broad  question,  however,  presents  itself,  By  what  means  is  the 
enormous  opposition  to  the  flow  of  blood  in  the  capillaries  of  the 
liver  overcome  ?  The  systole  of  the  ventricle  takes  no  part,  as 
evidenced  by  the  low  tension  in  the  portal  vein.  The  possible 
agents  are — (1)  the  rhythmical  compression  of  the  abdominal  con- 
tents during  respiration;  (2)  the  aspiration  of  the  thorax;  (3)  the 
aspiration  of  the  right  ventricle ;  (4) — the  last  and  least  likely — 
the  hepatic  artery. 

I  believe  all  these  agents  take  part  in  maintaining  the  portal 
circulation.  The  greatest  share  I  would  assign  to  the  diaphragm 
as  the  chief  agent  in  compressing  the  abdominal  contents.  The 
whole  of  the  posterior  and  upper  surfaces  of  the  liver  are  in  con- 
tact with  the  under  surface  of  the  diaphragm.  The  diaphragm 
grasps  the  liver  to  the  extent  of  more  than  a  semicircle.  In  the 
same  way  the  whole  of  the  large  outer  surface  of  the  spleen 
is  in  contact  with  the  arched  fibres  of  the  diaphragm.  The 
diaphragm  grasps  the  whole  of  this  outer  surface.  The  respira- 
tory function  of  the  diaphragm  has,  I  think,  been  much  exagge- 
rated. The  central  tendon  of  the  diaphragm  is  fixed,  by  reason 
of  its  attachment  to  the  pericardium  and  the  passage  of 
the  two  large  tubes,  the  oesophagus  and  the  vena  cava. 
In  like  manner  the  lower  attachments  of  the  diaphragm  are 
fixed  from  tip  of  last  rib  to  tip  of  last  rib.  The  ligamenta 
arcuata,  interna  and  externa,  are  immovable.  Between  the  central 
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tendon  and  the  ligaments  in  question  the  muscular  fibres  arch 
downwards  in  a  vertical  direction.  The  result  of  contraction  of 
this  portion  of  the  diaphragm  would  be  to  straighten  the  curve, 
and  protrude  the  liver  and  spleen  towards  the  epigastrium,  at  the 
same  time  compressing  them.  In  like  manner,  if  the  lateral  portions 
of  the  muscle  contract  between  two  fixed  points  the  arch  is 
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Diaphragm  (alter  Gray). 


straightened  and  the  abdominal  contents  are  compressed.  The 
antagonism  of  the  intercostal  muscles,  raising  and  dilating  the 
lower  ribs,  prevents  their  being  drawn  in  by  the  diaphragm  during 
ordinary  respiration.    Two  methods  of  inspiration  arc  known  to 
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physiologists  and  teachers  of  singing-the  one  where  the 
epigastrium  is  hollow,  the  diaphragm  pushed  up  to  the  fullest 
extent,  and  the  lower  ribs  much  raised  and  dilated  ;  the  other 
where  the  diaphragm  is  lowered  to  the  fullest  extent,  and 
consequently  the  abdomen  protruded  at  the  epigastrium.  The 
first  is  the  method  of  inspiration  taught  by  the  old  Italian  masters, 
the  second  by  the  new  school.  Which  method  affords  most 
breathing  capacity  and  control  ?  Why,  the  first,  I  would  suggest. 
A  glance  at  this  formula  will  convince  you  :  *V  =  \ir  r2.  However 
large  h  is,  it  is  always  divided  by  3.  It  can  never  be  large  at 
any  time.  However  small  the  addition  to  r,  it  is  squared. 
Seeing,  then,  that  the  diaphragm  cannot  descend  far,  on  account  of 
the  fixation  ol  its  central  tendon,  and  that  if  it  could  descend  it  is 
not  so  efficient  as  an  inspirating  agent  as  if  it  ascended  to  its 
fullest  extent,  I  think  I  was  justified  in  merely  suggesting  that 
the  diaphragm  as  an  inspiratory  agent  was  overrated,  but  by 
compressing  the  abdominal  contents  materially  assisted  in  the 
circulation  of  the  blood  through  the  liver. 

In  conclusion,  I  have  to  thank  . you,  sir,  for  your  patience  under 
what  I  cannot  but  conceive  must  have  been  to  you  an  infliction ; 
and  you,  gentlemen,  for  your  patient  hearing  and  forbearance 
with  my  many  deficiencies. 


*  If  V  =  volume  of  cone,  h  the  height,  and  r  the  radius  of  base,  and  tr  the 
constant  relation  of  the  diameter  of  a  circle  to  its  circumference,  then 
V  =  *  7r  r'\    The  chest  cavity  practically  represents  a  cone, 
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in  Surgery  to  the  University  of  Oxford. 

THE  DIAGNOSIS  AND  TREATMENT  OF  DISEASES 

OF  THE  KIDNEY  AMENABLE  TO  DIRECT  SURGICAL  IN- 
TERFERENCE.   Demy  8vo,  with  Illustrations,  7s.  6d. 
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JOHN    COCKLE,  m.a.,  m.d. 
Physician  to  the  Royal  Free  Hospital. 

ON  INTRA-THORACIC  CANCER.   8vo,  4s.  6d. 


ALEXANDER    COLLIE,   m.d.  aberd.,  m.r.c.p.  lond. 

Medical  Superintendent  of  the  Eastern  Hospitals. 

ON  FEVERS:  THEIR  HISTORY,  ETIOLOGY,  DIAG- 
NOSIS, PROGNOSIS,  AND  TREATMENT.  Illustrated  with 
Coloured  Plates,  crown  8vo,  8s.  6d.  [Lewis's  Practical  Series.] 


WALTER    S.    COLMAN,  m.b.  lond. 

Formerly  Assistant  to  the  Professor  of  Pathology  in  the  University  of  Edinburgh. 

SECTION  CUTTING  AND  STAINING:     A  Practical 

Guide  to  the  Preparation  of  Normal  and  Morbid  Histological  Specimens. 
Crown  8vo,  3s.  [Now  ready. 

ALFRED  COOPER,  f.r.c.s. 

Surgeon  to  the  St.  Mark's  Hospital  for  Fistula  and  other  Diseases  of  the  Rectum. 

A  PRACTICAL  TREATISE  ON  THE   DISEASES  OP 

THE  RECTUM.    Crown  8vo,  4s. 


W.   H.  CORFIELD,  m.a.,  m.d.  oxon. 

Professor  of  Hygiene  and  Public  Health  in  University  College,  London. 

DWELLING  HOUSES :   their  Sanitary  Construction  and 

Arrangements.   Second  Edit.,  with  Illustrations.  Cr.  8vo,  3s.  6d. 


EDWARD  COTTERELL,  m.r.c.s.  eng.,  l.r.c.p.  lond. 

Late  House  Surgeon,  University  College  Hospital 

ON   SOME   COMMON   INJURIES  TO  LIMBS;  their 

WrA^nt  a"  After-treatment,  including  Bone-setting  (so-called)- 
With  Illustrations,  small  8vo,  3s.  6d.  5   V  ^«uiea; 


CHARLES  CREIGHTON,  m.d. 

ILS^fT?rrATI,0,NS  UNCONSCIOUS  MEMORY  IN 

DISEASE,  including  a  Theory  of  Alteratives.    Post  8vo,  6s. 

CONTRIBUTIONS     TO     THE    PHYSIOLOGY  AT\m 

PATHOLOGY  OF  THE  BREAST  AND  LMMAH?  GLAND^ 
New  Edition  with  additional  chapter,  with  wood-cut^ ,  and  plafe,  8vo  gs! 

BOVINE   TUBERCULOSIS^IN   MAN :    An  Account  ot  the 
XAtS^^.^     ™»  "thographs  and'ot^ 
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H.  RADCLIFFE  CROCKER,  m.d.  lond.,  b.s.,  f.r.c.p. 
Physician,  Skin  Depattment,  University  College  Hospital. 

DISEASES  OF  THE  SKIN;    THEIR  DESCRIPTION, 

PATHOLOGY,  DIAGNOSIS,  AND  TREATMENT.  With  76  Illus- 
trations, 8vo,  21s.  [Now  ready. 


EDGAR  M.  CROOKSHANK,  m.b.  lond.,  f.r.m.s. 

Professor  of  Bacteriology,  King's  College,  London. 
I. 

MANUAL  OF  BACTERIOLOGY  :  being  an  Introduction 

to  Practical  Bacteriology.  Illustrated  with  Coloured  Plates  from  original 
drawings,  and  numerous  Coloured  Illustrations  embodied  in  the  text. 
Second  Edition  revised  and  enlarged,  8vo,  21s. 

11. 

PHOTOGRAPHY  OF  BACTERIA.    Illustrated  with  86  Photo- 
graphs reproduced  in  autotype,  and  wood  engravings,  royal  8vo,  12s.  6d. 


RIDLEY  DALE,  m.d.,  l.r.c.p.  edin.,  m.r.c.s.  eng. 

EPITOME  OF  SURGERY,  being  a  complete  compendium 

of  the  Science  and  Art  of  Surgery.    Large  8vo,  10s.  6d. 

[Just  Published. 


HERBERT    DAVIES,   m.d.,  f.r.c.p. 

Late  Consulting  Physician  to  the  London  Hospital,  and  formerly  Fellow  of  Queen's  College 

Cambridge. 

THE  MECHANISM  OF  THE  CIRCULATION  OF  THE 

BLOOD  THROUGH  ORGANICALLY  DISEASED  HEARTS. 
Edited  by  Arthur  Templer  Davies,  B.A.  (Nat.  Science  Honours), 
M.B.  Cantab.,  M.R.C.P. ;  Physician  to  the  Royal  Hospital  for  Diseases 
of  the  Chest ;  Examining  Physician  to  the  Royal  National  Hospital 
for  Consumption,  Ventnor.  lIn  the  Press- 


HENRY  DAVIS,  m.r.c.s.  eng. 
Teacher  and  Administrator  of  Anesthetics  to  St.  Mary's  and  the  National  Dental  Hospitals. 
GUIDE  TO  THE  ADMINISTRATION  OF  ANESTHE- 
TICS.   Fcap.  8vo,  2s. 


J    THOMPSON   DICKSON,  m.a.,  m.b.  cantab. 

Late  Lecturer  on  Mental  Diseases  at  Guy's  Hospital. 


Hospital. 

gical  Portraits.    8vo,  14s. 


7 


HORACE  DOBELL,  m.d. 

Consulting  Physician  to  the  Royal  Hospital  for  Diseases  of  the  Chest,  &c. 

I. 

ON    DIET    AND    REGIMEN    IN    SICKNESS  AND 

Health  and  on  the  Interdependence  and  Prevention  of  Diseases  and  the 
Diminution  of  their  Fatality.    Seventh  Edition,  8vo,  ios.  6d. 

II. 

AFFECTIONS  OF  THE  HEART  AND  IN  ITS  NEIGH- 
BOURHOOD. Cases,  Aphorisms,  and  Commentaries.  Illustrated  by 
the  heliotype  process.    8vo,  6s  6d. 


JOHN  EAGLE. 

Member  of  the  Pharmaceutical  Society. 


A  NOTE-BOOK  OF  SOLUBILITIES.   Arranged  chiefly 

lor  the  use  of  Prescribers  and  Dispensers.    i2mo,  2S.  6d. 


JOHN  ERIC  ERICHSEN. 

Ex-President  of  the  Royal  College  of  Surgeons  ;  Surgeon  Extraordinary  to 
H.M.  the  Queen,  etc. 

MODERN  SURGERY;  its  Progress  and  Tendencies.  Be- 
ing the  Introductory  Address  delivered  at  University  College  at  the 
opening  of  the  Session  1873-74.    Demy  8vo,  is. 


DR.  FERBER. 
MODEL    DIAGRAM    OF    THE    ORGANS    IN  ttttt 

THORAX  AND  UPPER  PART  OF  THE  ABD O M EN.  T^g 
Letter-press  Description.    In  4to,  coloured,  5s. 


J.  MAGEE  FINNY,  m.d.  duel. 

King's  Professor  of  Practice  of  Medicine  xn  School  of  Physic,  Ireland  &c 

NOdTsEeSAs°eI  ™  *  ?dYSICAL  Miosis  „•  LTOG 

\_Now  ready. 

AUSTIN  FLINT,  m.d.  ll.d. 

^^^^^^ 
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J.  MILNER  FOTHERGILL,  m.d.,  m.r.c.p. 
Late  Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest,  Victoria  Park,  &c. 


A  MANUAL  OF  DIETETICS  :  Large  8vo,  ios.  6d. 

ii. 

THE   HEART   AND    ITS  DISEASES,  WITH  THEIR 

TREATMENT;  INCLUDING  THE  GOUTY  HEART.  Second 
Edition,  entirely  re-written,  copiously  illustrated  with  woodcuts  and 
lithographic  plates.    8vo.  16s. 

in. 

INDIGESTION  AND  BILIOUSNESS.     Second  Edition,  post 
8vo,  7s.  6d. 

IV. 

GOUT  IN  ITS  PROTEAN  ASPECTS.   Post  8vo,  7s.  6d. 

v. 

HEART  STARVATION.   (Reprinted  from  the  Edinburgh 

Medical  Journal),  8vo,  is. 


ERNEST  FRANCIS,  f.c.s. 

Demonstrator  of  Practical  Chemistry,  Charing  Cross  Hospital. 

PRACTICAL  EXAMPLES  IN  QUANTITATIVE  ANA- 

lysis,  forming  a  Concise  Guide  to  the  Analysis  of  Water,  &c.  Illus- 
trated, fcap.  8vo,  2s.  6d. 


ALFRED  W.  GERRARD,  f.c.s. 
Examiner  to  the  Pharmaceutical  Society ;  Teacher  of  Pharmacy  and  Demonstrator  of 
Materia  Medica  at  University  College  Hospital. 

ELEMENTS   OF   MATERIA    MEDICA   AND  PHAR- 
MACY.   Crown  8vo,  8s.  6d.  [Just  published. 


HENEAGE  GIBBES,  m.d. 

Lecturer  on  Physiology  and  on  Normal  and  Morbid  Histology  in  the  Medical  School  of 
Westminster  Hospital ;  etc. 

PRACTICAL  HISTOLOGY  AND  PATHOLOGY.  Third 

Edition,  revised  and  enlarged,  crown  8vo,  6s. 


C.  A.  GORDON,  m.d.,  c.b. 
Deputy  Inspector  General  of  Hospitals,  Army  Medical  Department. 

REMARKS    ON    ARMY    SURGEONS    AND  THEIR 

WORKS.    Demy  8vo,  5s. 
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JOHN  GORHAM,  m.r.c.s. 

TOOTH  EXTRACTION :  a  Manual  on  the  proper  mode 

of  extracting  Teeth.    Third  Edition,  fcap.  8vo.  [Nearly  ready. 


JOHN  W.  S.  GOULEY,  M.D. 

Surgeon  to  Bellevue  Hospital. 

DISEASES  OF  MAN :  Data  of  their  Nomenclature,  Clas- 
sification and  Genesis.    Crown  8vo,  14s. 


W.    R.    GOWERS,    M.D.,  F.R.C.P.,  M.R.C.S. 

Physician  to  University  College  Hospital,  &c. 

DIAGRAMS  EOR  THE  RECORD  OE  PHYSICAL  SIGNS. 

In  books  of  12  sets  of  figures,  is.    Ditto,  unbound,  is. 


J.  B.  GRESSWELL,  m.r.c.v.s. 
Provincial  Veterinary  Surgeon  to  the  Royal  Agricultural  Society. 

VETERINARY  PHARMACOLOGY  AND  THERAPEU- 
TICS.   With  an  Index  of  Diseases  and  Remedies.    Fcap.  8vo,  5s. 


SAMUEL    D.    GROSS,  m.d.,  ll.d.,  d.c.l.  oxon. 

Professor  of  Surgery  in  the  Jefferson  Medical  College  of  Philadelphia. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES,  IN- 
JURIES, AND  MALFORMATIONS  OF  THE  URINARY 
BLADDER,  THE  PROSTATE  GLAND,  AND  THE  URETHRA. 
Third  Edition,  revised  and  edited  by  S.  W.  GROSS,  A.M.,  M.D., 
Surgeon  to  the  Philadelphia  Hospital.  Illustrated  by  170  engravings, 
8vo,  18s. 


SAMUEL  W.  GROSS,  a.m.,  m.d. 

Surgeon  to,  and  Lecturer  on  Clinical  Surgery  in,  the  Jefferson  Medical  College  Hospital, 
and  the  Philadelphia  Hospital,  &c. 

A  PRACTICAL  TREATISE  ON  TUMOURS  OF  THE 

MAMMARY  GLAND  :  embracing  their  Histology,  Pathology,  Dia- 
gnosis, and  Treatment.    With  Illustrations,  8vo,  10s.  6d. 


ALLAN  MeLANE  HAMILTON,  m.d. 

THE  MODERN  TREATMENT  OF  HEADACHES 

Square  i6mo,  2s.  6d.  rjMJ,  PubUshed, 
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WILLIAM  A.  HAMMOND,  m.d. 
Professor  of  Mental  and  Nervous  Diseases  in  the  Medical  Department  of  the  University  o> 

the  City  of  New  York,  &c. 

I. 

A  TREATISE  Ol  THE  DISEASES  OF  THE  NERVOUS 

SYSTEM.    Seventh  edition,  with  112  Illustrations,  large  8vo,  25s. 

11. 

A  TREATISE  ON"  INSANITY.    Large  8vo,  25s. 

in. 

SPIRITUALISM  AND  ALLIED  CAUSES  AND  CON- 
DITIONS OF  NERVOUS  DERANGEMENT.  With  Illustrations, 
post  8vo,  8s.  6d. 


ALEXANDER  HARVEY,  m.a.,  m.d. 
Emeritus  Professor  of  Materia  Medica  in  the  University  of  A  berdeen ;  Consulting  Physician 
to  the  Aberdeen  Royal  Infirmary,  &c. 

I. 

FIRST  LINES   OF  THERAPEUTICS;    as  based  on  the 

Modes  and  the  Processes  of  Healing,  as  occurring  Spontaneously  in 
Disease ;  and  on  the  Modes  and  the  Processes  of  Dying,  as  resulting 
Naturally  from  Disease.    In  a  series  of  Lectures.    Post  8vo,  5s. 

11. 

ON  THE  FCETUS  IN  UTERO  AS  INOCULATING  THE 

MATERNAL  WITH  THE  PECULIARITIES  OF  THE  PATER- 
NAL ORGANISM.  In  a  series  of  Essays  now  first  collected.  Fcap. 
8vo,  4s.  6d. 


ALEXANDER  HARVEY,  m.d. 
Emeritus  Professor  of  Materia  Medica  in  the  University  of  Aberdeen,  &c. 

AND 

ALEXANDER  DYCE  DAVIDSON,  m.d.,  f.r.s.  edin. 

Late  Regius  Professor  of  Materia  Medica  in  the  University  of  Aberdeen. 

SYLLABUS   OF  MATERIA  MEDICA  FOR  THE  USE 

OF  STUDENTS,  TEACHERS  AND  PRACTITIONERS.  Based 
on  the  relative  values  of  articles  and  preparations  in  the  British 
Pharmacopoeia.    Eighth  edition,  32mo,  is.  6d. 


K.  M.  HEANLEY. 

Matron  of  Boston  Cottage  Hospital. 

A  MANUAL  OF  URINE  TESTING.    Compiled  for  the 

use  of  Matrons,  Nurses,  and  Probationers.    Post  8vo,  is.  6d. 


GRAILY  HEWITT,  m.d. 

Professor  of  Midwifery  and  Diseases  of  Women  in  University  College,  Obstetrical  Physician 
1         '  to  University  College  Hospital,  &c. 

OUTLINES    OF   PICTORIAL    DIAGNOSIS   OF  DIS- 
EASES OF  WOMEN.    Folio,  6s. 
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C.    HIGGENS,  f.r.c.s. 
Ophthalmic  Surgeon  to  Guy's  H^pit^Ltetur^jn  Ophthalmology  at  Guy's  Hospital 


MANUAL  OP  OPHTHALMIC  PRACTICE. 

Crown  8vo,  illustrates,  6s.  ^J"™^] 


BERKELEY  HILL,  m.b.  lond.,  f.r.c.s. 
Professor  of  Clinical  Surgery  in  University  College;  Surgeon  to  University  College 
Hospital  and  to  the  Lock  Hospital. 

THE  ESSENTIALS  OP  BANDAGING.    With  directions 

for  Managing  Fractures  and  Dislocations  ;  for  administering  Ether  and 
Chloroform;  and  for  using  other  Surgical  Apparatus;  with  a  Chapter 
on  Surgical  Landmarks.  Sixth  Edition,  revised  and  enlarged,  Illustrated 
by  144  Wood  Engravings,  crown  8vo,  5s. 


BERKELEY  HILL,  m.b.  lond.,  f.r.c.s. 
Professor  of  Clinical  Surgery  in  University  College  ;  Surgeon  to  University  College 
Hospital  and  to  the  Loch  Hospital. 

AND 

ARTHUR  COOPER,  l.r.c.p.,  m.r.c.s. 

Surgeon  to  the  Westminster  General  Dispensary. 
I. 

SYPHILIS  AND  LOCAL  CONTAGIOUS  DISORDERS. 

Second  edition,  entirely  re-written,  royal  8vo,  18s. 

11. 

THE  STUDENT'S  MANUAL  OP  VENEREAL  DIS- 
EASES. Being  a  Concise  Description  of  those  Affections  and  of  their 
Treatment.    Fourth  edition,  post  8vo,  2s.  6d. 


C.    R.    ILLINGWORTH,  m.d.  ed.,  m.r.c.s. 

THE  ABORTIVE  TREATMENT  OF  SPECIFIC  FE- 
BRILE DISORDERS  BY  THE  BINIODIDE  OF  MERCURY. 
Crown  8vo,  3s.  6d. 


SIR  W.  JENNER,  Bart.,  m.d. 

Physician  in  Ordinary  to  H.M.  the  Queen,  and  to  H.R.H.  the  Prince  oj  Wales. 

THE   PRACTICAL    MEDICINE     OP  TO-DAY :  Two 

Addresses  delivered  before  the  British  Medical  Association,  and  the 
Epidemiological  Society,  (1869).    Small  8vo,  is.  6d. 


C.    M.    JESSOP,  m.r.c.p. 

A  ssociate  of  King's  College,  London ;   Brigade  Surgeon  H.M.  British  Forces. 

ASIATIC  CHOLERA,  being  a  Report  on  an  Outbreak 

of  Epidemic  Cholera  in  1876  at  a  Camp  near  Murree  in  India.  With 
map,  demy  8vo,  2s.  6d. 
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GEORGE  LINDSAY  JOHNSON,  m.a.,  m.b.,  b.c.  cantab. 

Cluneal  Assistant,  late  House  Surgeon  and  Chloroformist,  Royal  Westminster  Ophthalmic 

Hospital,  &c. 

A  S)mT  STH(iD  °\  TREATING  CHRONIC  GLAU- 
COMA, based  on  Recent  Researches  into  its  Pathology.  With  Illus- 
trations and  coloured  frontispiece,  demy  8vo,  3s.  6d. 

NORMAN  KERR,  m.d.,  f.l.s. 

President  of  the  Society  for  the  Study  of  Inebriety  ;  Consulting  Physician,  Dalrymble  Home 

for  Inebriates,  etc. 

INEBRIETY:    its  Etiology,  Pathology,  Treatment,  and 

Jurisprudence.    Second  edition,  Crown  8vo,  12s.  6d.  {Just  ready. 


RUSTOMJEE  NASERWANJEE  KHORY,  m.d.  brux. 

Member  of  the  Royal  College  of  Physicians. 

THE  PRINCIPLES   AND  PRACTICE   OF  MEDICINE 

Second  edition,  revised  and  much  enlarged,  2  vols.,  large  8vo,  28s. 


NORMAN  W.  KINGSLEY,  m.d.s.,  d.d.s. 
President  of  the  Board  of  Censors  of  the  State  of  New  York;   Member  of  the  American 

Academy  of  Dental  Science,  &c. 

A     TREATISE     ON     ORAL     DEFORMITIES    AS  A 

BRANCH  OF  MECHANICAL  SURGERY.  With  over  350  Illus- 
trations, 8vo,  16s. 


J.  WICKHAM  LEGG,  f.r.c.p. 

Assistant  Physician  to  Saint  Bartholomew's  Hospital,  and  Lecturer  on  Pathological 
Anatomy  in  the  Medical  School. 

I. 

ON  THE  BILE,  JAUNDICE,  AND  BILIOUS  DISEASE 

With  Illustrations  in  chromo-lithography,  719  pages,  roy.  8vo,  25s. 

11. 

A  GUIDE  TO  THE  EXAMINATION  OF  THE  URINE ; 

intended  chieflyfor  Clinical  Clerks  and  Students.  Sixth  Edition,  revised 
and  enlarged,  with  Illustrations,  fcap.  8vo,  2s.  6d. 

III. 

A     TREATISE     ON     HiEMOPHILIA,  SOMETIMES 

CALLED  THE  HEREDITARY  HEMORRHAGIC  DIATHESIS. 
Fcap.  4to,  7s.  6d. 


ARTHUR    H.    N.    LEWERS,    m.d.  lond.,  m.r.c.p.  lond. 
Assistant  Obstetric  Physician  to  the  London  Hospital;  Examiner  in  Midwifery  and 
Diseases  of  Women  to  the  Society  of  Apothecaries  of  London,  &c. 

A  PRACTICAL  TEXTBOOK  OF  THE  DISEASES  OF 

WOMEN.    With  Illustrations,  crown  8vo,  8s.  6d.  [Now  ready. 

[Lewis's  Pbactical  Series.] 


Catalogue  of  Works  Published  by  H.  K.  Lewis. 


13 


LEWIS'S  PRACTICAL  SERIES. 

Under  this  title  Mr.  Lewis  is  publishing  a  Series  of  Monographs,  em- 
bracing the  various  branches  of  Medicine  and  Surgery. 

The  volumes  are  written  by  well-known  Hospital  Physicians  and  Sur- 
geons, recognized  as  authorities  in  the  subjects  of  which  they  treat.  The 
works  are  intended  to  be  of  a  thoroughly  practical  nature,  calculated 
to  meet  the  requirements  of  the  practitioner  and  student,  and  to  present  the 
most  recent  information  in  a  compact  and  readable  form. 

MANUAL  OF  OPHTHALMIC  PRACTICE. 

By  C.  HIGGENS,  F.R.C.S.,  Ophthalmic  Surgeon  to  Guy's  Hospital;  Lecturer 
on  Ophthalmology  at  Guy's  Hospital  Medical  School.  With  Illustrations,  crown 
8vo,  6s.  [Now  ready. 

A  PRACTICAL  TEXTBOOK  OF  THE  DISEASES  OF  WOMEN. 

By  ARTHUR  H.  N.  LEWERS,  M.D.  Lond.,  M.R.C.P.  Lond.,  Assistant  Ob- 
stetric Physician  to  the  London  Hospital ;  Examiner  in  Midwifery  and  Diseases 
of  Women  to  the  Society  of  Apothecaries  of  London,  etc.  With  Illustrations, 
crown  8vo,  8s.  6d.  [Ready. 

AN/ESTHETICS  THEIR  USES  AND  ADMINISTRATION. 

By  DUDLEY  W.  BUXTON,  M.D.,  B  S.,  M.R.C.P.,  Administrator  of 
Anaesthetics  in  University  College  Hospital  and  the  Hospital  for  Women,  Soho 
Square.    Crown  8vo,  4s.  [Ready. 

TREATMENT  OF  DISEASE  IN  CHILDREN:  INCLUDING  THE  OUT- 
LINES OF  DIAGNOSIS  AND  THE  CHIEF  PATHOLOGICAL  DIFFER- 
ENCES BETWEEN  CHILDREN  AND  ADULTS.  By  ANGEL  MONEY, 
M.D.,  M.R.C.P.,  Assistant  Physician  to  the  Hospital  for  Children,  Great  Ormond 
Street,  and  to  University  College  Hospital.  Crown  8vo,  10s.  6d. 

ON  FEVERS:  THEIR  HISTORY,  ETIOLOGY,  DIAGNOSIS,  PROGNOSIS 

AND  TREATMENT.  By  ALEXANDER  COLLIE,  M.D.  Aberd.,  Member 
of  the  Royal  College  of  Physicians  of  London  ;  Medical  Superintendent  of  the 
Eastern  Hospitals ;  Secretary  of  the  Epidemiological  Society  for  Germany  and 
Russia.    Illustrated  with  Coloured  Plates,  crown  8vo,  8s.  6d. 

HANDBOOK  OF  DISEASES  0FTHE  EAR  F0R  THE  USE  OF  STUDENTS 

AND  PRACTITIONERS.  By  URBAN  PRITCHARD,  M.D.  Edin  ,  F  R  C  S 
Eng.  Professor  of  Aural  Surgery  at  King's  College,  London ;  Aural  Surgeon' to 
King's  College  Hospital;  Senior  Surgeon  to  thl  Royal  Ear  Hospital  g  Wi  h 
Illustrations,  crown  8vo,  4s.  6d.  *     '  vu" 

A  PRACTICAL  TREATISE  ON   DISEASES  OF  THE   KIDNEYS  AND* 

URINARY    DERANGEMENTS.    By  CHARLES   HENRY   RALFE  MA 
M  D.  Cantab.,  Fellow  of  the  Royal  College  of  Physicians,  London  ;   Ass  slant 

nnyrh^V°  thteLw^nT,?°Spit?1;  Examiner  in  Medicine  to  the  UnivVrsity  of 
Durham,  etc.,  etc.  With  Illustrations,  crown  8vo,  10s.  6d.  ' 

DENTAL  SURGERY  FOR  GENERAL  PRACTITIONERS  AND  STUDENTS 

OF  MEDICINE.   By  ASHLEY  W.  BARRETT,  M.B  Lond  ,M  R  C  S    I  S  D 
Denta  Surgeon  to  and  Lecturer  on  Dental  Surgery  and  Patho  ogy  in  the' Medical 
School  of,  the  London  Hospital.   With  Illustrations,  cr.  8vo,  3s.  M<*™1 

BODILY  DEFORMITIES  AND  THEIR  TREATMENT-  A  HANDRnriK  OP 

PRACTICAL  ORTHOPEDICS.    By  H.  A  RE  EVES '  F  R  C  S  pvt      q  • 
Assistant  Surgeon  and  Teacher  of  P?act  ca   Surgery  at  ^10^™  ^'","!' 

crUr8gveo0,n88t.06dthe  R°yal  °rth°P£EdiC  H-P'^c^™* 

Further  volumes  will  be  announced  in  due  course. 
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DR.  GEORGE  LEWIN. 

Professor  at  the  Fr.  With.  University,  and  Surgeon-in-Chief  of  the  Syphilitic  Wards  and 
Sktn  Disease  Wards  of  the  Chariti  Hospital,  Berlin. 

THE  TREATMENT  OF  SYPHILIS  WITH  SUBCUTA- 
NEOUS SUBLIMATE  INJECTIONS.  Translated  by  Dr.  Carl 
Prcegle,  and  Dr.  E.  H.  Gale,  late  Surgeon  United  States  Army. 
Small  8vo,  7s. 


LEWIS'S  POCKET  CASE  BOOK  FOR  PRACTITIONERS 

AND  STUDENTS.  Designed  by  A.  T.  BRAND,  M.D.  Roan,  with 
pencil,  3s.  6d.  nett. 


LEWIS'S  POCKET  MEDICAL  VOCABULARY. 

Over  200  pp.,  32mo,  roan,  3s.  6d. 


T.    R.    LEWIS,    M.B.,  F.R.S.  ELECT,  ETC. 
Late  Fellow  of  the  Calcutta  University,  Surgeon-Major  Army  Medical  Staff,  &c. 

PHYSIOLOGICAL  AND  PATHOLOGICAL  RESEAR- 
CHES. Arranged  and  edited  by  Sir  Wm.  Aitken,  M.D.,  F.R.S., 
G.  E.  Dobson,  M.B.,  F.R.S. ,  and  A.  E.  Brown,  B.Sc  Crown  410, 
portrait,  5  maps,  43  plates  including  15  chromo-lithographs,  and  67 
wood  engravings,  30s.  nett.  [Just  Published. 


J.   S.   LOMBARD,  m.d. 

Formerly  Assistant  Professor  of  Physiology  in  Harvard  College. 

EXPERIMENTAL  RESEARCHES  ON  THE  REGIONAL 

TEMPERATURE  OF  THE  HEAD,  under  Conditions  of  Rest,  In- 
tellectual Activity  and  Emotion.    With  Illustrations,  8vo,  8s. 

II. 

ON  THE  NORMAL  TEMPERATURE  OF  THE  HEAD. 

8vo,  5s. 


WILLIAM  THOMPSON  LUSK,  a.m.,  m.d. 
Professor  of  Obstetrics  and  Diseases  of  Women  in  theBellevue  Hospital  Medical  College,  &c. 

THE  SCIENCE  AND  ART   OF  MIDWIFERY. 

Third  Edition,  with  numerous  Illustrations,  8vo,  18s. 
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RAWDON  MAC  NAM  AR  A.. 

Professor  of  Materia  Medica,  Royal  College  of  Surgeons,  Ireland  -  Senior  Surgeon  to  the 
Westmoreland  ILock)  Government  Hospital  :  Surgeon  to  the  Meath  Hospital,  eic. 


AN    INTRODUCTION    TO    THE    STUDY    OF  THE 

BRITISH  PHARMACOPOEIA.    Demy  321110,  is.  6d.  [Just  published. 


JOHN    MACPHERSON,  m.d. 

Inspector-General  of  Hospitals  H.M.  Bengal  Army  (Retired). 
Author  of"  Cholera  xn  its  Home,"  &c. 

I. 

ANNALS    OF    CHOLERA    FROM    THE  EARLIEST 

PERIODS  TO  THE  YEAR  1817.    With  a  map.    Demy  8vo,  7s.  6d. 

11. 

BATH,   CONTREXEVILLE,   AND   THE   LIME  SUL- 

PHATED  WATERS.    Crown  8vo,  2s.  6d. 


DR.  V.  MAGNAN. 
Physician  to  St.  Ann  Asylum,  Paris;  Laureate  of  the  Institute. 

ON    ALCOHOLISM,  the  Various  Forms  of  Alcoholic 

Delirium  and  their  Treatment.  Translated  by  W.  S.  Greenfield, 
M.D.,  M.R.C.P.    8vo,  7s.  6d. 


A.  COWLEY  MALLEY,  b.a.,  m.b.,  b.ch.  t.c.d. 
PHOTO-MICROGRAPHY;    including  a  description  of 

the  Wet  Collodion  and  Gelatino-Bromide  Processes,  together  with  the 
best  methods  of  Mounting  and  Preparing  Microscopic  Objects  for  Photo- 
Micrography.  Second  Edition,  with  Photographs  and  Illustrations, 
crown  8vo,  7  s.  6d. 


PATRICK  MANSON,  m.d.,  cm. 

Amoy,  China. 
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PROFESSOR  MARTIN. 

MtS?<F 'h  A,TfjAS  OF  OBSTETRICS  AND  GYN2ECO- 

JLUCjY.  Edited  by  A.  Martin,  Docent  in  the  University  of  Berlin. 
Iranslated  and  edited  with  additions  by  Fancourt  Barnes,  M.D., 
M.K.CP.,  Physician  to  the  Chelsea  Hospital  for  Women;  Obstetric 
Physician  to  the  Great  Northern  Hospital ;  and  to  the  Royal 
Maternity  Charity  of  London,  &c.  Medium  4to,  Morocco  half  bound, 
31s.  6d.  nett. 


WILLIAM  MARTIN  DALE,  f.c.s. 

Late  Examiner  of  the  Pharmaceutical  Society,  and  late  Teacher  of  Pharmacy  and  Demon- 
strator of  Materia  Medica  at  University  College. 

AND 

W.  WYNN  WESTCOTT,  m.b.  lond. 

Deputy  Coroner  for  Central  Middlesex. 

THE  EXTRA  PHARMACOPCEIA  with  the  additions  in- 
troduced into  the  British  Pharmacopoeia,  1885,  with  Medical  References, 
and  a  Therapeutic  Index  of  Diseases  and  Symptoms.  Fifth  Edition, 
revised  with  numerous  additions,  limp  roan,  med.  24mo,  7s.  6d. 


WILLIAM  MARTIN  DALE,  f.c.s. 
Late  Examiner  of  the  Pharmaceutical  Society,  &c. 

COCA,  COCAINE,   AND   ITS   SALTS:    their  History, 

Medical  and  Economic  Uses,  and  Medicinal  Preparations.  Fcap.  8vo,  2s. 


MATERIA  MEDICA  LABELS. 

Adapted  for  Public  and  Private  Collections.    Compiled  from  the  British 
Pharmacopoeia  of  1885.    The  Labels  are  arranged  in  Two  Divisions : — 
Division  I. — Comprises,  with  few  exceptions,  Substances  of  Organ- 
ized Structure,  obtained  from  the  Vegetable  and  Animal  King- 
doms. 

Division  H.— Comprises  Chemical  Materia  Medica,  including  Alco- 
hols, Alkaloids,  Sugars,  and  Neutral  Bodies. 
On  plain  paper,  10s.  6d.  nett.    On  gummed  paper,  12s.  6d.  nett. 

*4*  Specimens  of  the  Labels,  of  which  there  are  over  450,  will  be  sent  on  application. 


S.  E.  MAUN  SELL,  l.r.c.s.i. 

Surgeon-Major,  Medical  Staff. 

NOTES    OF    MEDICAL    EXPERIENCES   IN  INDIA 

PRINCIPALLY  WITH  REFERENCE  TO  DISEASES  OF  THE 
EYE.    With  Map,  post  8vo,  3s.  6d. 
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J.  F.  MEIGS,  m.d. 

Consulting  Physician  to  the  Children's  Hospital,  Philadelphia. 

AND 

W.  PEPPER,  m.d. 
Lecturer  on  Clinical  Medicine  in  the  University  of  Pennsylvania. 

A   PRACTICAL  TREATISE  ON  THE  DISEASES  OF 

CHILDREN.    Seventh  Edition,  revised  and  enlarged,  roy.  8vo,  28s. 


Wm.  JULIUS   MICKLE,  m.d.,  f.r.c.p.  lond. 

Medical  Superintendent,  Grove  Hall  Asylum,  London,  &c. 

i, 

GENERAL  PARALYSIS   OF   THE  INSANE. 

Second  Edition,  enlarged  and  rewritten,  8vo,  14s. 

IX. 

ON  INSANITY  IN  RELATION  TO   CARDIAC  AND 

AORTIC  DISEASE  AND  PHTHISIS.    Crown  8vo,  3s.  6d. 


KENNETH  W.  MILLICAN,  b.a.  cantab.,  m.r.c.s. 

THE  EVOLUTION  OF  MORBID  GERMS :  A  Contribu- 
tion to  Transcendental  Pathology.    Cr.  8vo,  3s.  6d. 


ANGEL    MONEY,    m.d.,  m.r.c.p. 

Assistant  Physician  to  University  College  Hospital,  and  to  the  Hospital  for 
Children,  Great  Ormond  Street,  &c. 

I. 

THE  STUDENT'S  TEXTBOOK  OF  THE  PRACTICE 

OF  MEDICINE.    Fcap.  8vo,  6s.  6d.  [Just  Published. 

11. 

TREATMENT  OF  DISEASE  IN  CHILDREN  :  IN- 
CLUDING THE  OUTLINES  OF  DIAGNOSIS  AND  THE 
CHIEF  PATHOLOGICAL  DIFFERENCES  BETWEEN  CHILD- 
REN AND  ADULTS.    Crown  8vo,  10s.  6d. 

[Lewis's  Practical  Series.] 


E.  A.  MORSHEAD,  m.r.c.s.,  l.r.c.p. 
Assistant  to  the  Professor  of  Medicine  in  University  College,  London. 


TABLES    OF   THE    PHYSIOLOGICAL   ACTION  OF 

DRUGS.    Fcap.  8vo,  is. 
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A.    STANFORD    MORTON,  m.b.,  f.r.c.s.  eng. 
Surgeon  to  the  Royal  South  London  Ophthalmic  Hospital. 

MffiKES,TM.!   Its  Diagnosis,  and,  the 

^      cuon  01  its  errors.     Third  Edition,  with  Illustrations,  smalf  8vo. 


C.  W  MANSELL  MOULLIN,  m.a.,  m.d.  oxon.,  f.r.c.s.  eng. 

A^aMSi^.^^^D^^at0rofA,latomy  at  the  London  Hospital;  formerly 
Kadcliffe  Travelling  Fellow  and  Fellow  of  Pembroke  College,  Oxford. 

SP5™FS^  thceir  consequences  and  treat. 

MENT.    Crown  8vo,  5s.  [Now  ready^ 

PAUL  F.  MUNDE,  m.d. 

Professor  of  Gynecology  at  the  New  York  Polyclinic;  President  of  the  New  York  Obstetrical 
Society  and  Vice-President  of  the  British  Gynecological  Society,  &c.  wosf""cttl' 

THE  MANAGEMENT   OP  PREGNANCY,  PARTTJRI- 

T^'o,AND  THE  PUERPERAL  STATE,  NORMAL  AND 
ABNORMAL.    Square  8vo,  3s.  6d.  [yMS;  Published. 


WILLIAM  MURRELL,  m.d.,  f.r.c.p. 
Lecturer  on  Materia  Medica  and  Therapeutics  at  Westminster  Hospital  ■  Examiner  in 
Materia  Medica  to  the  Royal  College  of  Physicians  of  London,  etc. 

I. 

MASSOTHERAPEUTICS,  OR  MASSAGE  AS  A  MODE 

OF  TREATMENT.  Fourth  edition,  with  Illustrations,  crown  8vo, 
4s- 6d-  [Just  published. 

ii. 

WHAT  TO  DO  IN  CASES  OP  POISONING. 

Sixth  edition,  royal  321110.  [J»  the  press. 

in. 

NITRO- GLYCERINE  AS  A  REMEDY   FOR  ANGINA 

PECTORIS.    Crown  8vo,  3s.  6d. 


DR.  FELIX  von  N  IE  MEYER. 

Late  Professor  of  Pathology  and  Therapeutics  ;  Director  of  the  Medical  Clinic  of  the 

University  of  Tubingen. 

A  TEXT-BOOK  OP  PRACTICAL  MEDICINE,  WITH 

PARTICULAR  REFERENCE  TO  PHYSIOLOGY  AND  PATHO- 
LOGICAL ANATOMY.  Translated  from  the  Eighth  German  Edi- 
tion by  special  permission  of  the  Author,  by  George  H.  Humphrey, 
M.D.,  and  Charles  E.  Hackley,  M.D.  Revised  edition,  2  vols, 
large  8vo,  36s. 
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GEORGE   OLIVER,  m.d.,  f.r.c.p. 
i. 

THE  HARROGATE  WATERS:  Data  Chemical  and  Therapeu- 
deal  wS  notes  on  the  Climate  of  Harrogate  Addressed  to  the 
Medical  Profession.    Crown  8vo,  with  Map  of  the  Wells,  38.  6d. 

11. 

ON  BEDSIDE  URINE  TESTING  :  a  Clinical  Guide  to  the 

Observation  of  Urine  in  the  course  of  Work.  Third  Edition,  revised 
and  enlarged,  fcap.  8vo,  3s.  6d. 


SAMUEL  OSBORN,  f.r.c.s. 

Assistant-Surgeon  to  the  Hospital  for  Women  ;  Surgeon  Royal  Naval  Artillery  Volunteers 

AMBULANCE     LECTURES :    EIRST  AID.     With  Illus- 
trations,  fcap.  8vo,  is.  6d. 

AMBULANCE  LECTURES?'  NURSING.   With  Illustrations, 
fcap.  8vo,  is.  6d. 


ROBERT  W.  PARKER. 
Surgeon  to  the  East  London  Hospital  for  Children,  and  to  the  Grosvenor  Hospital  for 

Women  and  Children. 

1. 

TRACHEOTOMY    IN    LARYNGEAL  DIPHTHERIA, 

AFTER  TREATMENT  AND  COMPLICATIONS.  Second  Edition. 
With  Illustrations,  8vo,  5s. 

11. 

CONGENITAL    CLUB-FOOT;    ITS    NATURE  AND 

TREATMENT.  With  special  reference  to  the  subcutaneous  division 
of  Tarsal  Ligaments.    8vo,  7s.  6d. 


JOHN  S.  PARRY,  m.d. 


Obstetrician  to  the  Philadelphia  Hospital,  Vice-President  of  the  Obstetrical  and  Pathologi- 
cal Societies  of  Philadelphia,  &c. 

EXTRA-UTERINE  PREGNANCY  ;   Its  Causes,  Species, 

Pathological  Anatomy,  Clinical  History,  Diagnosis,  Prognosis  and 
Treatment.    8vo,  8s. 
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E.   RANDOLPH    PEASLEE  md 


G-  V.  POORE,  M.D.,  F.R.C.P. 

LECTURES  ON  THE  PHYSICAL  EXAMINA  TTOTNT  mr 

THE  MOUTH  AND  THROAT. 1  Wth  af^Sf^1^  £J 


R.  DOUGLAS  POWELL,  m.d.,  f.r.c.p.,  m.r.c.s. 

'^SffilTi?  F/V*8  Phytic**  to  the  Middlesex  Hospital  and 

Physician  to  the  Hospital  for  Consumption  and  Diseases  of  the  Chest  at  Brampton. 

DISSrEnl?LT0^En  LUNGS  AND  PLEURJE,  INCLUD- 
ING CONSUMPTION.  Third  edition,  entirely  rewritten  and  en- 
larged.   With  coloured  plates  and  wood  engravings,  8vo,  16s. 


URBAN  PRITCHARD,  M.D.  EDIN.,  F.R.C.S.  ENG. 
Professor  of  Aural  Surgery  at  King's  College,  London ;   Aural  Surgeon  to  King's  College 
Hospital ;  Senior  Surgeon  to  the  Royal  Ear  Hospital. 

HANDBOOB"  OF  DISEASES  OF  THE  EAR  FOR  THE 

USE  OF  STUDENTS  AND  PRACTITIONERS.  With  Illustra- 
tions, crown  8vo,  4s.  6d. 

[Lewis's  Practical  Series.] 


CHARLES  W.  PURDY,  m.d.  (queen's  univ.) 
Professor  of  Genitu-Urinary  and  Renal  Diseases  in  the  Chicago  Polyclinic,  &c,  &c. 

BRIGHT'S  DISEASE  AND  THE  ALLIED  AFFECTIONS 

OF  THE  KIDNEYS.    With  Illustrations,  large  8vo,  8s.  6d. 


CHARLES  HENRY  RALFE,  m.a.,  m.d.  cantab.,  f.r.c.p.  lond. 

Assistant  Physician  to  the  London  Hospital;  Examiner  in  Medicine  to  the  University  of 

Durham,  etc.,  etc. 

A  PRACTICAL  TREATISE  ON  DISEASES   OF  THE 

KIDNEYS  AND  URINARY  DERANGEMENTS.  With  Illustra- 
tions, crown  8vo,  10s.  6d. 

[Lewis's  Practical  Series.] 
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AMBROSE  L.  RANNEY,  a.m.,  m.d. 
Professor  of  the  Anatomy  and  Physiology  of  the  Nervous  System  in  the  NefT^°r][ffost- 
Graduate  Medical  School  and  Hospital;  Professor  of  Nervous  and  Mental  Diseases 
in  the  Medical  Department  of  the  University  of  Vermont. 

THE  APPLIED  ANATOMY  OP  THE  NERVOUS  SYS- 
TEM. Being  a  Study  of  this  portion  of  the  Human  Body  from  a 
stand-point  of  its  general  interest  and  practical  utility  in  Diagnosis, 
designed  for  use  as  a  text-book  and  a  work  of  reference.  Second  edit., 
238  Illustrations,  large  8vo,  21s.  ijf^t  published. 


H.  A.  REEVES,  f.r.c.s.  edin. 
Senior  Assistant  Surgeon  and  Teacher  of  Practical  Surgery  at  the  London  Hospital; 
Surgeon  to  the  Royal  Orthopedic  Hospital. 

BODILY  DEFORMITIES  AND  THEIR  TREATMENT: 

A  HANDBOOK  OF  PRACTICAL  ORTHOPEDICS.  With 
numerous  Illustrations,  crown  8vo,  8s.  6d. 

[Lewis's  Practical  Series]. 


RALPH  RICHARDSON,  m.a.,  m.d. 

Fellow  of  the  College  of  Physicians,  Edinburgh. 

ON  THE  NATURE  OP  LIFE:  An  Introductory  Chap- 
ter to  Pathology.  Second  edition,  revised  and  enlarged.  Fcap.  4to, 
10s.  6d. 


W.  RICHARDSON,  m.a.,  m.d.,  m.r.c.p. 

REMARKS  ON  DIABETES,  ESPECIALLY  IN  REFER- 
ENCE TO  TREATMENT.    Demy  8vo,  4s.  6d. 


SAMUEL  RIDEAL,  d.sc.  (lond.),  f.i.c,  f.c.s.,  f.g.s. 

Fellow  of  University  College,  London. 

PRACTICAL  ORGANIC  CHEMISTRY;   The  Detection 

and  Properties  of  some  of  the  more  important  Organic  Compounds. 
i2mo,  2s.  6d.  [yMJ<  published. 


E.  A.  RIDSDALE. 

Associate  of  the  Royal  School  of  Mines. 

COSMIC  EVOLUTION  ;  being  Speculations  on  the  Origin 

of  our  Environment.    Fcap.  8vo,  3s.  [Just  published. 
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SYDNEY  RINGER,  m.d.,  f.r.s. 


ON     THE     TEMPERATURE     OP     THE     BOT)V  A«5 

S Jf E/hv  °F  DI,fGN0SIS  AND  PROGNOSIS  IN  PHTHISIS 
Second  edition,  small  8vo,  2s.  6d. 


FREDERICK  T.  ROBERTS,  m.d.,  b.sc,  f.r.c.p. 

Examiner  in  Medicine  at  the  University  of  London;  Professor  of  Therapeutics  and  of 
Clinical  Medicine  m  University  College;  Physician  to  University  College  Hos- 
pital; Physician  to  Brompton  Consumption  Hospital,  &c. 

I. 

A  HANDBOOK  OP   THE  THEORY  AND  PRACTICE 

OF  MEDICINE.  Seventh  edition,  with  Illustrations,  in  one  volume, 
large  8vo,  21s.  \just  published. 

*»*  Copies  may  also  be  had  bound  in  two  volumes  cloth  for  is.  6d.  extra. 

II. 

THE  OFFICINAL  MATERIA  MEDICA. 

Second  edition,  entirely  rewritten  in  accordance  with  the  latest  British 
Pharmacopoeia,  fcap.  8vo,  7s.  6d. 


R.  LAWTON  ROBERTS,  m.d.,  m.r.c.s. 

Honorary  Life  Member  of,  and  Lecturer  and  Examiner  to,  the  St.  John  Ambulance 

A ssociation . 

ILLUSTRATED  LECTURES  ON  AMBULANCE  WORK. 

Third  edition  copiously  Illustrated,  crown  8vo,  2s.  6d.       [Now  ready. 


D.  B.  St.  JOHN  ROOSA,  m.a.,  m.d. 

Professor  of  Diseases  of  the  Eye  and  Ear  in  the  University  of  the  City  of  New  York;  Surgeon 
to  the  Manhattan  Eye  and  Ear  Hospital. 

A  PRACTICAL  TREATISE   ON   THE   DISEASES  OF 

THE  EAR,  including  the  Anatomy  of  the  Organ.  Sixth  edition. 
Illustrated  by  wood  engravings  and  chromo-lithographs,  large  8vo,  25s. 
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ROBSON  ROOSE,  m.d. 

Fellow  of  the  Royal  College  of  Physicians  in  Edinburgh. 

GOUT    AND  ITS    RELATIONS    TO    DISEASES  OP 

THE' LIVER  AND  KIDNEYS.     Sixth  Edition,  crown  8vo. 

[In  the  press. 

ii. 

NERVE  PROSTRATION  AND  OTHER  FUNCTIONAL 

DISORDERS  OF  DAILY  LIFE.    Crown  8vo,  ios.  6d. 

[Just  published. 


J,  BURDON   SANDERSON,  m.d.,  ll.d.,  f.r.s. 

Jodrell  Professor  of  Physiology  in  University  College,  London. 

UNIVERSITY  COLLEGE  COURSE    OP  PRACTICAL 

EXERCISES  IN  PHYSIOLOGY.  With  the  co-operation  of  F.  J.  M. 
Page,  B.Sc,  F.C.S. ;  W.  North,  B.A.,  F.C.S.,  and  Aug.  Waller,  M.D. 
Demy  8vo,  3s.  6d. 


W.  H.  O.  SAN  KEY,  m.d.  lond.,  f.r.c.p. 
Late  Lecturer  on  Mental  Diseases,  University  College,  London,  etc. 

LECTURES  ON  MENTAL  DISEASE.    Second  Edition,  with 
coloured  plates,  8vo,  12s.  6d. 


JOHN  SAVORY. 

Member  of  the  Society  of  Apothecaries,  London. 

A   COMPENDIUM  OP  DOMESTIC   MEDICINE  AND 

COMPANION  TO  THE  MEDICINE  CHEST:  Intended  as  a 
source  of  easy  reference  for  Clergymen,  Master  Mariners,  and  Tra- 
vellers ;  and  for  Families  resident  at  a  distance  from  professional  assist- 
ance.   Tenth  Edition,  sm.  8vo,  5s. 


EMIL  SCHNEE,  m.d. 

Consulting  Physician  at  Carlsbad. 


DIABETES,  ITS  CAUSES  AND  PERMANENT  CURE; 

from  the  standpoint  of  experience  and  scientific  investigation.  Trans- 
lated from  the  German  by  R.  L.  Tafel,  A.M.,  Ph.D.    Demy  8vo,  6s. 

[Just  published. 
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DR.  B.  S.  SCHULTZF 

fessor  0/  ~'  —  tt&«S?  ^  -  * 

T^c5£?£?L^^  OF  DIS- 

M.A.,  M.R.C.S.  and  edited  bv  A  V  mJ^m?  »by  J'  J'  Ma^an, 
the  Rotunda  Lying.™ Ho  pital  Dublin  wu'  M^Y  M"Ch-  Master  of 
Svo,  i2s.  6d.        g     rt0Splta1'  Dubhn-   Wl'h  120  Illustrations,  medium 

[Now  ready. 


A  S??/C?!CAJ,T,,T3ElEA,rriSE  ON  DISEASES   OP  THE 

Coloured  Plates  and  other  Illustrations,  large  8vo,  24s. 


n,    •  .WM-  JAPP  SINCLAIR,  m.a.,  m.d. 
Honorary  Physician  to  the  Manchester  Southern  Hospital  for  Women  and  Children  and 
Manchester  Maternity  Hospital. 

ON  GONORRHEAL  INFECTION  IN  WOMEN 

Post  SVO,  4s.  {yust  pubUshed. 


A.  J.  C.  SKENE,  m.d. 

Professor  of  Gynecology  in  the  Long  Island  College  Hospital,  Brooklyn,  New  York. 

TREATISE   ON  THE   DISEASES   OF  WOMEN,  FOR 

THE  USE  OF  STUDENTS  AND  PRACTITIONERS!  Nine 
coloured  plates  and  251  engravings,  large  8vo,  28s. 


ALDER   SMITH,  m.b.  lond.,  f.r.c.s. 
Resident  Medical  Officer,  Christ's  Hospital,  London. 

RINGWORM:   Its  Diagnosis  and  Treatment. 

Third  Edition,  enlarged,  with  Illustrations,  fcap.  Svo,  5s.  6d. 


J.  LEWIS  SMITH,  m.d. 
Physician  to  the  New  York  Infants'  Hospital;   Clinical  Lecturer  on  Diseases  of  Children 
in  Bellevue  Hospital  Medical  College. 


A    TREATISE    ON    THE    DISEASES    OF  INFANCY 

AND  CHILDHOOD.    Fifth  Edition,  with  Illustrations,  large  Svo,  21s. 
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FRANCIS  W.  SMITH,  m.b.,  b.s. 

THE  SALINE  WATERS  OF  LEAMINGTON.  Second  Edit., 
with  Illustrations,  crown  8vo,  is.  nett. 


JOHN  KENT  SPENDER,  m.d.  lond. 

Physician  to  the  Royal  Mineral  Water  Hospital,  Bath. 

THE  EARLY  SYMPTOMS  AND  THE  EARLY  TREAT- 
MENT OF  OSTEO- ARTHRITIS,  commonly  called  Rheumatoid 
Arthritis,  with  special  reference  to  the  Bath  Thermal  Waters.  Sm.  8vo. 
2s.6d.  [Just  published. 


JAMES  STARTIN,  m.b.,  m.r.c.s. 
Surgeon  and  Joint  Lecturer  to  St.  John's  Hospital  for  Diseases  of  the  Skin. 

LECTURES    ON    THE    PARASITIC    DISEASES  OP 

THE  SKIN.  VEGETOID  AND  ANIMAL.  With  Illustrations, 
crown  8vo,  2S.  6d. 


W.  R.  H.  STEWART,  f.r.c.s.,  l.r.c.p.  edin. 
Aural  Surgeon  to  the  Great  Northern  Central  Hospital;   Surgeon  to  the  London  Throat 

Hospital,  &c. 

EPITOME  OF  DISEASES  AND  INJURIES  OF  THE 

EAR,  with  a  Chapter  on  Naso- Pharyngeal  Diseases  causing  Deafness. 
Demy  32mo,  2s.  6d.  Vjfust  published. 


LEWIS  A.   STIMSON,  b.a.,  m.d. 
Surgeon  to  the  Presbyterian  and  Bellevue  Hospitals ;  Professor  of  Clinical  Surgery  in  the 
Medical  Faculty  of  the  University  of  the  City  of  New  York,  &c. 

A  MANUAL  OF  OPERATIVE  SURGERY. 

Second  Edition,  with  three  hundred  and  forty-two  Illustrations,  post 
8vo,  ios.  6d. 


ADOLF  STRUMPELL. 

Director  of  the  Medical  Clinic  in  the  University  of  Brlangen. 

A    TEXT-BOOK    OF    MEDICINE    FOR  STUDENTS 

AND  PRACTITIONERS.  Translated  from  the  latest  German  edition 
by  Dr.  H.  F.  Vickery  and  Dr.  P.  C.  Knapp,  with  Editorial  Notes  by 
Dr.  F.  C.  Shattuck,  Visiting  Physician  to  the  Massachusetts  General 
Hospital,  etc.  Complete  in  one  large  vol.,  imp.  8vo,  with  in  Illustra- 
tions, 28s. 
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JUKES  DE  STYRAP 


,»    C'    W'    SUCKLING,  M.D.LOND.,  MRCP 

crown  8vo,  8s.  6d.  ^HKVtb.     With  Illustrations, 


JOHN  BLAND  SUTTON,  f.r.c.s. 

Surgeons,  England.  6  7 

LIS^hMENTS  :T1,THEIR  NATURE  AND  MORPHOLOGY 

With  numerous  Illustrations,  post  8vo,  4s.  6d.  v^auuutri  . 


HENRY  R.  SWANZY,  a.m.,  m.b.,  f.r.c.s.i. 

Examine, -  in  Ophthalmic  Surgery  in  the  Royal  University  of  Ireland,  and  to  the  Conioint 
Board  of  the  King  and  Queen's  College  of  Physicians  and  Royal  College  of  3 
Surgeons,  Ireland  ;  Surgeon  to  the  National  Eye  and  Ear 
Infirmary,  Dublin,  etc. 

A  HANDBOOK  OF  THE  DISEASES  OP  THE  EYE  AND 

THEIR  TREATMENT.  Second  Edition,  Illustrated  with  Tvood 
engravings,  colour  tests,  etc.,  small  8vo,  ios.  6d.         [Just  published. 


EUGENE  S.  TALBOT,  m.d.,  d.d.s. 

Professor  of  Dental  Surgery  in  the  Woman's  Medical  College  ;  Lecturer  on  Dental 
Pathology  and  Surgery  in  Rush  Medical  College,  Chicago. 

IRREGULARITIES   OP    THE    TEETH  AND  THEIR 

TREATMENT.    With  152  Illustrations,  royal  8vo,  ios.  6d. 


JOHN  DAVIES  THOMAS,  m.d.  lond.,  f.r.c.s.  eng. 
Physician  to  the  A  delaide  Hospital,  S.  A  ustralia. 

I. 

HYDATID  DISEASE,  WITH  SPECIAL  REFERENCE 

TO  ITS  PREVALENCE  IN  AUSTRALIA.    Demy  8vo,  ios.  6d. 

II. 

HYDATID  DISEASE  OF  THE  LUNGS.    Demy  8vo,  as. 
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HUGH   OWEN  THOMAS,  m.r.c.s. 


DISEASES    OP    THE    HIP,    KNEE,   AND  ANKLE 

JOINTS,  with  their  Deformities,  treated  by  a  new  and  efficient  method. 
Third  Edition,  8vo,  25s. 


CONTRIBUTIONS  TO  SURGERY  AND  MEDICINE  :- 

Part  1.— Intestinal  Obstruction  ;  with  an  Appendix  on  the  Action  of 
Remedies.  10s. 

,  2.— The  Principles  of  the  Treatment  of  Joint  Disease,  Inflamma- 
tion, Anchylosis,  Reduction  of  Joint  Deformity,  Bone  Set- 
ting. 5s. 

it  3.— Fractures,  Dislocations,  Diseases  and  Deformities  of  the 
Bones  of  the  Trunk  and  Upper  Extremities.  10s. 

„  4.— The  Collegian  of  1666  and  the  Collegians  of  1885  ;  or  what  is 
recognised  treatment  ?    Second  Edition,  is. 

„     5. — On  Fractures  of  the  Lower  Jaw.  is. 

„     6. — The  Principles  of  the  Treatment  of  Fractures  and  Disloca- 
tions. 10s. 

„  8. — The  Inhibition  of  Nerves  by  Drugs.  Proof  that  Inhibitory 
Nerve-Fibres  do  not  exist,  is. 

(Parts  7,  9  and  10  are  in  preparation). 


J.  ASHBURTON  THOMPSON,  m.r.c.s. 

Late  Surgeon  at  King's  Cross  to  the  Great  Northern  Railway  Company. 

PREE  PHOSPHORUS  IN  MEDICINE  WITH  SPE- 
CIAL REFERENCE  TO  ITS  USE  IN  NEURALGIA.  A  contribution 
to  Materia  Medica  and  Therapeutics.  An  account  of  the  History,  Phar- 
maceutical Preparations,  Dose,  Internal  Administration,  and  Therapeu- 
tic uses  of  Phosphorus;  with  a  Complete  Bibliography  of  this  subject, 
referring  to  nearly  200  works  upon  it.    Demy  8vo,  7s.  6d. 


J.  C.  THOROWGOOD,  m.d. 

Assistant  Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest. 

THE   CLIMATIC  TREATMENT    OP  CONSUMPTION 

AND  CHRONIC  LUNG  DISEASES.   Third  Edition,  post  8vo,  3s  6d. 
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FREDERICK  TREVES,  frcs 


D.  HACK  TUKE,  m.d,  ll.d. 

Fellow  of  the  Royal  College  of  Physicians,  London. 

THcWDNASASy  8^..™    ™IT^    STATES  AND 


LAURENCE  TURNBULL,  m.d.,  ph.g. 

Surgeon  to  Jefferson  Medical  College  Hospital,  &c,  &c. 

A3^J?ICIf  J  A^^STHESIA  :  A  Manual  of  Anesthetic 

Agents,  and  their  Employment  in  the  Treatment  of  Disease.  Second 
Edition,  with  Illustrations,  crown  8vo,  6s. 


DR.  R.  ULTZMANN. 

ON  STERILITY  AND  IMPOTENCE  IN  MAN.  Translated 
irom  the  German  with  notes  and  additions  by  Arthur  Cooper,  L.R.C.P. 
M.R.C.S.,  Surgeon  to  the  Westminster  General  Dispensary.  With  Illus- 
trations, fcap.  8vo,  2s.  6d. 


W.   H.  VAN   BUREN,  m.d.,  ll.d. 
Professor  of  Surgery  in  the  Bellevue  Hospital  Medical  College. 

DISEASES   OF   THE   RECTUM:    And  the  Surgery  of 

the  Lower  Bowel.    Second  Edition,  with  Illustrations,  8vo,  14s. 


RUDOLPH   VIRCHOW,  m.d. 
Professor  in  the  University,  and  Member  of  the  Academy  of  Sciences  of  Berlin,  &c,  &c. 

INFECTION  -  DISEASES     IN    THE    ARMY,  Chiefly 

Wound  Fever,  Typhoid,  Dysentery,  and  Diphtheria.  Translated  from 
the  German  by  John  James,  M.B.,  F.R.C.S.    Fcap.  8vo,  is.  6d. 
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ALFRED  VOGEL,  m.d. 

Professor  of  Clinical  Medicine  in  the  University  of  Dorp  at,  Russia. 

A  PRACTICAL  TREATISE  ON  THE   DISEASES  OF 

CHILDREN.  Third  Edition,  translated  and  edited  by  H.  Raphael, 
M.D.,  from  the  Eighth  German  Edition,  illustrated  by  six  lithographic 
plates,  part  coloured,  royal  8vo,  18s. 


A.  DUNBAR  WALKER,  m.d.,  cm. 

THE  PARENT'S  MEDICAL  NOTE  BOOK.  Oblong  post  8vo, 
cloth,  is.  6d. 


JOHN  RICHARD  WARDELL,  m.d.  edin.,  f.r.c.p.  lond. 
Late  Consulting  Physician  to  the  General  Hospital  Tunbridge  Wells. 

CONTRIBUTIONS  TO  PATHOLOGY  AND  THE  PRAC- 
TICE OF  MEDICINE.    Medium  8vo,  2is. 


W.   SPENCER  WATSON,  f.r.c.s.  eng.,  b.m.  lond. 

Surgeon  to  the  Great  Northern  Hospital ;  Surgeon  to  the  Royal  South  London  Ophthalmic 

Hospital. 

I. 

DISEASES   OF   THE   NOSE   AND   ITS  ACCESSORY 

CAVITIES.    Profusely  Illustrated.    Demy  8vo,  18s. 

II. 

EYEBALL-TENSION :    Its  Effects  on  the  Sight  and  its 

Treatment.    With  woodcuts,  p.  8vo,  2s.  6d. 

III. 

ON  ABSCESS  AND  TUMOURS  OF  THE  ORBIT.  Post 

8vo,  2S.  6d. 


FRANCIS   H.  WELCH,  f.r.c.s. 
Surgeon  Major,  A. M.D. 

ENTERIC  FEVER :  as  Illustrated  by  Army  Data  at  Home 

and  Abroad,  its  Prevalence  and  Modifications,  /Etiology,  Pathology  ard 
Treatment.    8vo,  5s.  fid. 
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W.  WYNN  WESTCOTT,  m.b. 

Deputy  Coroner  for  Central  Middlesex. 

S1?Si  c^fj^g'  Literature«  Jurisprudence,  and 


E.   G.  WHITTLE,  M.D.  LOND.,  F.R.C.S.  ENG. 

Senior  Surgeon  to  the  Royal  Alexandra  HospitaJ-for  Sick  Children,  Brighton. 

CONGESTIVE  NEURASTHENIA,  OR  INSOMNIA  AND 

NERVE  DEPRESSION.    Crown  8vo,  3s.  6d. 

[Just  published. 


JOHN  WILLIAMS,  m.d.,  f.r.c.p. 

Professor  of  Midwifery  in  University  College,  London  ;  Obstetric  Physician  to  University 
College  Hospital ;  Physician  Accoucheur  to  H.R.H.  Princess  Beatrice,  etc. 

CANCER  OF  THE  UTERUS :   Being  the  Harveian  Lec- 
tures for  1886.    Illustrated  with  Lithographic  Plates,  royal  8vo,  10s.  6d. 


E.   T.   WILSON,  b.m.  oxon.,  f.r.c.p.  lond. 
Physician  to  the  Cheltenham  General  Hospital  and  Dispensary. 

DISINFECTANTS  AND  HOW  TO   USE   THEM.  In 

Packets  of  one  doz.  price  is. 


DR.  F.  WINCKEL. 
Formerly  Professor  and  Director  of  the  Gyncecological  Clinic  at  the  University  of  Rostock. 

THE  PATHOLOGY  AND  TREATMENT  OF  CHILD- 
BED :  A  Treatise  for  Physicians  and  Students.  Translated  from  the 
Second  German  edition,  with  many  additional  notes  by  the  Author, 
by  J.  R.  Chadwick,  M.D.    8vo,  14s. 


BERTRAM  C.  A.  WINDLE,  m.a.,  m.d.  dubl. 

Professor  of  Anatomy  in  the  Queen's  College,  Birmingham. 

A  HANDBOOK  OF  SURFACE  ANATOMY  AND  LAND- 
MARKS.   Post  8vo,  illustrations,  3s.  6d. 
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EDWARD  WOAKES,  m.d.  lond. 

Senior  Aural  Surgeon  and  Lecturer  on  Aural  Surgery  at  the  London  Hospital ;  Surgeon 

to  the  London  Throat  Hospital. 

I. 

ON  DEAFNESS,  GIDDINESS  AND  NOISES  IN  THE 

HEAD. 

Vol.  I.— POST-NASAL  CATARRH,  AND  DISEASES  OF  THE  NOSE 
CAUSING  DEAFNESS.    With  Illustrations,  cr.  8vo,  6s.  6d. 

Vol.   II.— ON  DEAFNESS,  GIDDINESS  AND    NOISES   IN  THE 
HEAD.    Third  Edition,  with  Illustrations,  cr.  8vo.         [Ira  preparation. 


ii. 

NASAL  POLYPUS:  WITH  NEURALGIA,  HAY-FEVER, 

AND  ASTHMA,  IN  RELATION  TO  ETHMOIDITIS.  With 
Illustrations,  cr.  8vo,  4s.  6d. 


DAVID  YOUNG,  m.c,  m.b.,  m.d. 

Licentiate  of  the  Royal  College  of  Physicians,  Edinburgh  ;  Licentiate  of  the  Royal  College 

of  Surgeons,  Edinburgh,  etc. 

ROME  IN  WINTER  AND  THE  TUSCAN  HILLS  IN 

SUMMER.  A  Contribution  to  the  Climate  of  Italy.  Small 
8vo,  6s. 


HERMANN  VON  ZEISSL,  m.d. 

Late  Professor  at  the  Imperial  Royal  University  of  Vienna, 

OUTLINES    OF    THE    PATHOLOGY    AND  TRFAT 

MENT  OF  SYPHILIS  AND  ALLIED  VENEREAL  DISEASES 
Second  Edition,  revised  by  M.  von  Zeissl,  M.D.,  Privat-Docent  for" 
Diseases  of  the  Skin  and  Syphilis  at  the  Imperial  Royal  University  of 
Vienna.    Translated,  with  Notes,  by  H.  Raphael,  M.D.,  Attending 
Physician  for  Diseases  of  Genito-Urinary  Organs  and  Syphilis,  Bellevue" 
Hospital,  Out-Patient  Department.    Large  8vo,  18s.      {just  published 


Clinical  Charts  For  Temperature  Observations  etc 

Arranged  by  W.  Rigden,  M.R.C.S.  50s.  per  1000  '  28s  Der  <nn 
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THE  BRITISH  JOURNAL  OF  DERMATOLOGY.    -Edited  by  Malcolm  Morris  and 
H.  G.  Brooke.    Published  monthly,  is.    Annual  Subscription,  12s.  post  free. 

THE  NEW  YORK  MEDICAL  JOURNAL.    A  Weekly  Review  of  Medicine.  Annual 
Subscription,  One  Guinea,  post  free. 

THE  THERAPEUTIC  GAZETTE.    A  Monthly  Journal,  devoted  to  the  Science  of 
Pharmacology,  and  to  the  introduction  of  New  Therapeutic  Agents.  Edited  by  Drs.  H 
C.  Wood  and  R.  M.  Smith.    Annual  Subscription,  10s.,  post  free. 

THE  GLASGOW  MEDICAL  JOURNAL.    Published  Monthly..  Annual  Subscription 
20s.,  post  free.    Single  numbers,  2s.  each. 

LIVERPOOL  MEDICO-CHIRURGICAL  JOURNAL,  including  the  Proceedings  of 
the  Liverpool  Medical  Institution.    Published  twice  yearly,  3s.  6d.  each  number. 

THE  INDIAN  MEDICAL  JOURNAL.   A  Journal  of  Medical  and  Sanitary  Science 
specially  devoted  to  the  Interests  of  the  Medical  Services.   Annual  Subscription,  24s 
post  free. 

TRANSACTIONS  OF  THE  COLLEGE  OF  PHYSICIANS  OF  PHILADELPHIA 
Volumes  I.  to  VI.,  8vo,  10s.  6d.  each. 

MIDDLESEX  HOSPITAL,  REPORTS  OF  THE  MEDICAL,  SURGICAL,  AND 
Pathological  Registrars  for  1883  to  1886.    Demy  8vo,  2s.  6d.  nett  each  volume. 
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